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In a study of renal function in a patient with a successfully homotrans 


planted kidney, Bricker and co-workers? observed normal function except for 


abnormal sodium excretion after acute alterations of extracellular fluid volume 
(ECFV). The present studies were performed after successful homotrans 
plantation in which the transplanted kidney was ischemic for a shorter period 
and bilateral nephrectomy was performed carlier than in the previous study. 
Effective renal plasma flow and glomerular filtration rate 


normal limits for a single kidney, The 


were within 


ability to acidify and alkalinize urine, 


and to concentrate and dilute urine were normal. The kidney displayed normal 


diurnal variation in water and sodium cexrerction. When orthostatic hypotension 


was induced, there was slight decrease in inulin and para-aminohippurate 


clearance. The responses to acute changes in ECFV were normal. During rapid 
infusion of hypotonic saline sodium excretion, free water clearance and osmolar 


clearance increased. After isotonic saline infusion in the hydrope nic state, there 


was tnerease in sodium exerction and osmolar clearance with elaboration of 


hypertonic urine. Elaboration of hypertonic urine with inerease in free water 
clearance and osmolar clearance 


followed rapid infusion of isotonic saline in the 
prehydrated state. 


During the rapid infusion of hyperoncotic salt poor albumin 


osmotic urine to plasma ratios increased with decrease in water and solute 


excretion. It is concluded that renal nerves are not necessary for the 


integrity 
of renal function in the diversified parameters studied. 


HE opportunity to study the functional status of the denervated human 
kidney presented itself after successful homotransplantation in an identical 
twin.! Bricker and associates? have reported that the transplanted human 
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kidney behaved in a normal manner exeept for abnormalities in sodium = ex- 
eretion after acute extracellular fluid volume alterations. They suggested that 
this was probably beeause denervation interrupted the efferent limb of a volume 
control system. The transplanted kidney was ischemie for 89 minutes and 
there was a 5 months’ lapse between transplantation of the kidney and 
surgical removal of the diseased organs. These factors may have contributed 
to the abnormalities they noted. Sinee the patient who is the subject of this 
report differed in having only a 47 minute period of ischemia and a shorter 
period elapsed (3 weeks) before nephrectomies, further study of the problem 
seemed indicated. 


Case Report. The reeipient (R) was in good health until early 1955 
when he developed frequent headaches and easy fatigability. In May, 1953, 
he was found to have hematuria, 1 to 2 plus proteinuria, and a blood pressure 
of 140 90 mm. He. A diagnosis of chronie glomerulonephritis was made. 
Intravenous pyelogram, phenolsulfonphthalein exeretion, nonprotein nitrogen, 
electrocardiogram, and chest x-ray were within normal limits. Exeept for 
mild headaches and occasional ankle and periorbital edema he was relatively 
asvmptomatic until late September, 1957, when he developed severe persistent 
headaches and noted blurring of vision and periorbital and pedal edema. 
His physician*® noted a blood pressure of 200/130 mm. Hg, grade TV fundi, 
and 4 plus proteinuria, and referred him to the hospital. 

The physical examination on admission revealed a pallid, afebrile, thin, 
slightly lethargie, 26-year-old white man who appeared chronically ill. Blood 
pressure was 240 140 mm. He, pulse rate was 110 per minute, and respirations 
were 24 per minute. The fundi were grade IV. The heart was not enlarged. 
A high pitched systolie murmur was heard over the apex. The second pulmonic 
sound was moderately inereased. No abdominal masses were palpated. There 
was mild bilateral costovertebral angle tenderness. There was 1 plus pedal 
and pretibial edema. Neurologie examination was within normal limits. 

Representative laboratory data are presented in Table I. Urine eultures 
were negative; urine protein exeretion was 10.8 Gm. per 24 hours; anti- 
streptolyvsin-O titer was 50 units; and C-reactive protein was negative. The 
electroeardiogram was normal on admission but by November, 1957, the in- 
trinsicoid deflection was prolonged (0.05 second) in lead V, suggesting left 
ventricular hypertrophy. 

During the 2 months after admission the patient deteriorated markedly. 
The patient had a twin brother, thought to be identieal, and renal homotrans- 
plantation was considered. Physical examination and laboratory studies on 
the donor twin (D) revealed that he was in excellent health. Blood types 
on the twinst were identical. Split and full thickness skin grafts were ex- 
changed between twins with no evidence of loeal rejection. 

*We wish to thank Dr. William Rucks, Oklahoma City, Okla., for referring this patient. 


+Performed in the hematology laboratories of Dr. Robert Bird, University of Oklahoma 
Hospital, Oklahoma City, Okla., and Dr. Phillip Levine, Ortho Laboratories, Raritan, N. J 
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The twins were transported to the Medical College of Virginia, Riehmond, 
Virginia, and on Dee. 12, 1957, 2 days after extracorporeal hemodialysis, 
homotransplantation was performed. The normal left kidney of ID was trans- 
planted to the right iliae fossa of R, anastomosing the renal artery end-to-end 
with the hypogastric artery, the renal vein end-to-side with the common iliae 
vein, and the ureter mueosa-to-mucosa with the urinary bladder. The total 
ischemie period of the transplanted organ was 47 minutes. There was prompt 
urine excretion in copious amounts after the anastomoses were completed. 
I)’s postoperative course was uneventful. R’s condition improved rapidly and 
on the twenty-first posttransplantation day his diseased kidneys were removed 
in a 1 stage procedure. After this his blood pressure stabilized around 120/70 
mm. He and he gained 32 pounds in weight over the following year. lis 
electrocardiogram returned to within normal limits. Numerous 24 hour urine 
protein determinations have revealed no protein. Tlemograms and blood chem- 


istries (as depicted in Table 1) have remained within normal ranges. 


PROCEDURE OF INVESTIGATION 
Control clearances on D were obtained prior to transplantation for a 2 kidney control 
and 1 month after his left nephrectomy for a 1 innervated kidney control. The majority of 
studies on R were made over a 9 month period beginning 24% months after his 1 stage bilateral 
nephrectomy. 


The studies were performed it 


the morning with the subjects postprandial and reeum 
bent, unless otherwise indicated by specific tests. Voided specimens rather than eatheterized 
specimens were used in all the studies and recorded values of inulin and para-aminohippurate 
PAT) clearance are averages of three clearance periods. Effective renal plasma flow 
ERPF) was determined by the clearance of PAH (Cpay), glomerular filtration rate (GFR 
by the clearances of inulin (C,,), and trends in the glomerular filtration rate were followed 
by the clearance of endogenous creatinine (C,,). PAH was analyzed utilizing the method 
of Smith and collaborators,’ inulin aceording to the method of Roe and co-workers,4 and 
endogenous creatinine as measured by the method of Bonsnes and Taussky.5 

Chloride was determined by the method of Van Slyke and Hilleré; sodium and potassium 
were analyzed on an internally. compensated Barclay flame photometer; urine and plasma 
osmolalities were determined on a Fiske Osmometer; pH was measured on a Beckman pH 
meter; and urine specific gravity was measured on an E. H. Sargent and Company urinometer 
ot 72° 65. 

(For purposes of correcting the clearance values to standard body surface, R’s body 
surface area was 1.66 sq.M. in all but the 12 month follow-up when it was 1.70 sq.M., and 
D’s surface area was 1.70 sq.M. The recorded values have not been corrected to standard 
body surface area.) 


RESULTS 

Glomerular Filtration Rate and Renal Plasma Flow.—(Table II.) Two 
kidney pretransplantation control studies on D revealed C;, of 118 ml. per 
minute and Cpay of 587 ml. per minute. One month after his left nephrectomy 
Cin was 66 ml. per minute and Cpay 440 ml. per minute. 

C;, on R after transplantation but prior to bilateral nephrectomy was 38 
ml. per minute. One month after bilateral nephrectomy C;, was 42 ml. per 
minute and thereafter increased to 60 ml. per minute where it has remained. 
R’s Cpay was 239 ml. per minute after transplantation but prior to bilateral 
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TABLE II. MEASUREMENTS OF C,,, Cpan, AND Co; 


FILTRATION 


MO. AFTER Cer Cty Cpan FRACTION 
j) TRANSPLANT | (ML./MIN.) | (ML./MIN. (ML./MIN.) (% 
Donor*: 2 kidney control 118 587 20.1 
Donor*: After removal of 
left kidney ] 66 440 12.8 
Recipientt: Before bilateral 
nephrectomies Vy 38 239 16.3 
Recipientt: After bilateral 
nephrectomies 34 
1 78 $2 340 12.4 
1% 74.1 
1%, 73.4 
2 74.0 60.6 553.8 17.1 
2% 71.2 58.0 373.1 15.5 
2%, 68.0 59.1 379.2 15.5 
3 67.3 62.3 108.9 15.2 
3Y4 72.6 59.2 72.0 15.9 
4 (Ee. 
12 60.7 387.5 16.1 
*Surtface area : 1.70 sq. M 
tSurface area 1.66 sq. M 
TABLE IIT. AcipIrFicATION AND ALKALINIZATION OF URINI 
TITRATABLI 
VOLUME ACIDITY Ux. V UxV Uc V 
SPECIMEN ML./MIN. pH BEq/MIN.) | (uEq/MIN. (pEq/MIN.) wEq/ MIN. 
2 0.82 5.04 16.4 85.8 53.7 120.3 
] 0.85 5.01 17.0 93.9 49.4 124.4 
] 2.40 5.21 176.4 73.4 229.2 
2 6.67 6.11 260.1 100.0 333.5 
3 6.33 6.27 179.1 93. a2 
4 Re 6.51 141.1 102.5 220.0 
5 5.50 6.31 118.3 96.3 195.3 
6 5.47 6.20 108.3 102.3 181.6 


One gram ammonium chloride was given every 4 hours over a 16 hour period prior to 
the test After a control of two 30 minute collections, the patient was given 250 mg. Diamox 
“O”" at 0 time and additional 30 minute specimens were taken 


TABLE LV. DIURNAL VARIATION IN WATER AND ELECTROLYTE EXCRETION 


VOLUME Ux, V UxV UcV 
TIMI EOS. COUNT (ML./MIN. (wEq/MIN. pEq/MIN. ) (pEq/MIN. ) 
S:00 A.M. 223 Lie 142.4 34.2 117.5 
11:00 A.M. 212 1.21 130.7 62.7 200.0 
2:00 P.M. 215 1.20 138.0 tio 151.0 
5:00 P.M. 198 1.08 112.3 16.9 114.5 
8:00 P.M. 1S4 66 56.1 15.0 64.7 
11:00 P.M. 190 89 96.1 23.0 84.5 
2:00 A.M. 286 97 44.6 15.9 89.2 
5:00 A.M. 171 1.11 56.1 27.4 133.2 
8:00 A.M. 209 1.16 146.2 38.7 143.8 


Over a 24 hour period R was given 250 ml. water each 3 hours. Eosinophil count, urine 
volume, urine sodium, potassium, and chloride were determined each 3 hours. 
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nephrectomy and 354 ml. per minute 2 months after 1 stage bilateral nephree- 
tomy. Thereafter Cpay has varied without apparent trend but has ranged above 
$70 ml. per minute. Filtration fractions have varied from 15.2 to 17.1 per cent, 
again without apparent trend. The composite mean value of Cop/Cy, was 


28s 


TABLE VI. RESPONSE TO ISOTONIC SALINE IN HYDROPENIC STATE 


U,V U,V UV 
VOLUME (pEq (wEq (mEq osm 

riMk ML/MIN. Coe MIN. MIN. MIN.) Baow™ U/P ec Ciao 
Sl oto 14 0.9 66.0 112 1S 135 661 2.34 2.18 1.25 
14 te 55 1.4 65.6 19] aye) 215 843 2.08 Wf 1.41 
55 to 8&5 ‘> 62.6 931 DS 2972 S71 1.88 2 88 1.35 
» to 107 re 61.0 375 is 408 1,273 1.88 2.88 1.35 
107 to 140 ra | 61.3 368 75 404 1,131 1.52 3.88 Lae 
140 to 158 2.7 62.6 $19 93 152 1,301 1.61 1.28 1.62 
158 to 178 2.2 61.1 SOS 95 125 1.223 1.61 4.03 1.53 


\fter a 15 hour NPO period the patient was given 38,000 ml. of normal saline intra- 
venously over a 70 minute period beginning at © time 


Acidification and Alkalinization—( Table IIL.) The recipient was given 
1.0 Gm. of nonenterie coated ammonium ehloride every 4+ hours for 16 hours 
prior to the study. The following morning voided urine specimens were col- 
leeted under oil at 30 minute intervals. After 2 eontrol samples 250 mg. of 
Diamox (acetazoleamide) was given by mouth and 6 further samples were taken. 

After the administration of Diamox the urine pH inereased from a control 
of 5.01 to 6.51. Titratable acidity decreased from 17 »Eq per minute to zero in 
less than 30 minutes and exeretion rates of sodium, potassium, and chloride 
increased significantly. Urinary output inereased from 0.82 ml. per minute to 
6.67 ml. per minute. 


TABLE VII. RESPONSE TO ISOTONIC SALINE IN PREHYDRATED STATE 


U,V UKV Ue Vv 
VOLUME (pEq (pEq (nEq | OSM | 

TiME (ML./MIN. Cer MIN. ) MIN. ) MIN.) | UosmV |( U/P) Cos Choo 
14 to 20 3 59.8 27 36 144 512 1.61 1.71 -0.65 
20 to 42 2.6 65.3 217 57 238 764 0.99 2.56 0.03 
42 to 69 5 Wy f 65.4 378 86 384 1,045 0.61 oun 2.23 
69 to 97 8.3 67.4 508 99 511 1,353 0.55 4.54 3.71 
97 to 118 6.2 72.6 S57 105 581 1,498 0.81 5.03 1.16 
118 to 140 3.3 66.2 516 83 546 1,000 1.00 3.31 0.00 
140 to 168 2.8 65.1 $51 85 490 953 1.12 3.16 —0.34 


Two thousand milliliters of water was given “o” between -12 and —11 hours. Beginning 
at 0 time 3,000 ml. of normal saline was given intravenously over a 70 minute period. 


Concentration and Dilution.—Diluting capacity of R was determined by 
his ability to elaborate a hypotonic urine after acute water loading. The minimal 
specifie gravity obtained was 1.001 and the minimal osmotie urine to plasma 
(U:P Osm.) ratio was 0.32. Coneentrating ability was evaluated after 14 hours 
of water deprivation. The maximal specific gravity was 1.030 and the maximal 


osmotic urine to plasma ratio was 2.96. 
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HUMAN RENAL TRANSPLANTATION 9 


Diurnal Variation. (Table IV.) Over a 24 hour period R was given 250 
ml. of water by mouth each 3 hours. Eosinophil counts were determined each 
3 hours and urine was collected each 3 hours and volume, sodium excretion per 
minute (Uxy,V), potassium excretion per minute (U,xV), and ehloride exeretion 
per minute (UgV) were determined. During the night hours there was a de- 
crease in urine volume, sodium output, potassium output, and chloride output, 
as is usually found in normal individuals. 


Effect of Changing of Body Position. ig. 1. In order to determine 
whether alterations in body position would significantly effeet GFR, ERPF, 
and electrolyte exeretion, Cran. Cin, Cor, UsaV, UV, UeaV, blood pressure, and 
pulse were measured first during control periods with the patient in a supine 
position, during a period ot quiet sitting, during a period or quiet standing, 
and during a follow-up period in the supine position. Urine minute volume 
decreased during quiet standing. There were transient mild decreases in blood 
pressure on sitting and on standing, but the blood pressure rapidly returned to 
near control levels. There was no signifieant change in Cpyy on sitting and a 
moderate decrease on standing. (;, remained stable on sitting and decreased 
slightly on standing and C,, corresponded with Cy,. Electrolyte exeretion 
diminished as the filtration fraction inereased during the standing period and 
then returned toward control levels. 


Effect of Changes in Evrtracellular Fluid Volume. 


Infusion of hypotonic saline: (Table V). The patient (R) was studied 
by the method suggested by Strauss and collaborators.’ Ile was given 2,000 
ml. of hypotonie solution (126 mEq. Na, 102 mEq. Cl, 24 neq HCO,) intra- 
venously over a 65 minute period, Co, remained fairly eonstant. Urine flow 
increased from 4.1 ml. per minute to 8.6 ml. per minute. Uy,V increased from 
129 to 419 neq per minute and Ue,;V trom 138 to 325 nkq per minute; free 


water clearance (Cy.o) inereased from 1.7 to 5 ml. per minute whereas osmolar 


l. 
clearance (Cosm inereased slightly. The hypertonic state of the patient is 
evideneed by the decrease in serum sodium and potassium, in serum protein, in 


hematocrit, and in plasma osmolality (from 295 to 289 mOsm.). 


Infusion of isotonic saline, hydropenic state: (Table VI.) The recipient 
was given 3,000 ml. of isotonie saline intravenously over an 80 minute period 
after a 15 hour fasting period to test his response to the hydropenie state. There 
was a decrease in Cy o (—1.25 to —1.62), an inerease in urine sodium exeretion 
(113 to 419 »Eq per minute), an inerease in Cosm (2.18 to 4.28 ml. per 
minute), and an elaboration of a hypertonic urine with a minimal osmolar U: P 
oft 1.40. 


Infusion of isotonic saline, prehydrated state: (Table VII.) R was given 
3,000 ml. of isotonie saline intravenously over a 70 minute period after having 
been given 2,000 ml. of water by mouth 11 hours prior to the study. Urine 
volume inereased markedly during the infusion period (1.1 to 8.3 ml. per 
minute) and after infusion decreased. There was a prominent increase in 


i (1.71 to 508 mi. per minute) and also in Choo (—0.65 to 3.71 ml. per 
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\ 19o0) 
minute) and the osmotie U/P reached a minimum value of 0.55. Urine sodium 
and potassium exeretion increased strikingly during the administration period 
(127 to 557 pEq per minute) and remained at relatively high levels after the 
infusion, 


Infusion of hyperoncotic salt poor human albumin: (Table VIIL.) Water 
diuresis was initiated by the ingestion of 1,500 ml. of water (from —110 minutes 
to 45 minutes) and was maintained by an oral intake of water in quantities 
slightly exceeding urinary exeretion. Two hundred and fifty milliliters of 25 
per cent salt poor human albumin was infused over a period of 45 minutes 
(100 ml. over 15 minutes followed by 150 ml. over 35 minutes ) 


0 PH © 0 OH %M B 9 100 110 20 130 149 1590 160 
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TIME IN MINUTES 
EFFECT OF POSITION ON URINARY CLEARANCES 


Fig. 1 -The effects of orthostatic position on Ci, Cran, Cer, water, and electrolyte excretion 
in the recipient 


(‘;, varied irregularly without apparent trend. Urine flow, Cogn, and Cy.o 
decreased during infusion and inereased in subsequent periods. Osmotic urine 
to plasma ratios increased slightly over the last preinfusion control value and 
then deereased in follow-up samples. Sodium and chloride exeretion decreased 
significantly during albumin infusion and increased during follow-up periods. 

DISCUSSION 

Effective renal plasma flow and glomerular filtration rate were found to be 
similar in each of the twins following the 1 stage bilateral nephrectomy on the 
recipient. These were within a normal range for a single kidney. The ability 
of the kidney to acidify and alkalinize urine, to concentrate and dilute urine, 
to respond to diurnal variation and to changes in body position were examined 
and found to be within normal ranges, 
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Kaplan and Rapoport’ questioned the integrity of sodium exeretion in the 
denervated kidney when they found the denervated organ frequently excreted 
more sodium than the intaet organ. The majority of the denervated kidneys that 
exereted more sodium had slightly higher filtration rates than the contralateral 
intaet kidneys. However, Bricker and coauthors,” in their studies of the integ- 
rity of sodium exeretion in the autotransplanted kidney of the dog, found a 
decrease in filtration rate and in renal plasma flow in initial studies after 
transplantation but this defect did not persist. When sodium excretion was 
studied in these animals, exeretion rates were found to be factored by their 
respeetive filtered loads, and the ratios were not consistently greater for trans- 
planted kidneys. In several experiments they were less. Extracellular fluid 
volume expansion with 3 per cent sodium chloride resulted in exeretion of 
sodium rich urine by both kidneys and expansion of extracellular fluid volume 
With isotonie solution revealed no abnormality of sodium exeretion. Bricker 
and co-workers? described abnormalities in sodium excretion in’ the human 
homotransplanted kidney after acute extracellular fluid volume alterations. The 
patient in the present study differed from their patient. He had a shorter period 
of renal ischemia and a shorter period elapsed before nephrectomies of the dis- 
eased organs. Accordingly, we felt that further studies of the integrity of 
sodium exeretion were indicated. To date Bricker’s patient? is the first and 
only individual treated and studied in this manner. 

Strauss and associates!’ have shown that the normal hydrated human sub- 
ject in the supine position responds to rapid infusion of 2 L. of hypotonic 
sodium chloride by an increase in urine sodium exeretion (Ux,V) despite the 
decreased plasma sodium ion concentration. Bricker and co-workers? found 
that their patient with a transplanted human kidney had a progressive decrease 
in total solute, sodium, and chloride excretion rates. (>, decreased moderately 
and urine flow showed only minor changes. In contrast to this, our recipient 
responded by increases in sodium excretion and free water clearance whereas 
osmolar clearance increased only slightly. 

The normal human subject in the hydropenic state responds to aeute intra- 
venous infusion of isotonie saline by elaboration of an isotonic or hypertonic 
urine and by au modest increase in excretion of sodium and water; however, if 
a single dose of 2,000 ml. of water is given from 8 to 12 hours prior to the 
saline infusion, large amounts of both sodium and water are excreted and the 
urine becomes hypotonic.’ '?  Brieker and co-workers? discovered that their 
transplant recipient in the hydropenie state responded by a significant increase 
in free water clearance from —1.2 ml. per minute to 4.1 ml. per minute, with a 
markedly hypotonic urine (osmotic UP ratio of 0.56). The maximum Uy,V 
was 135 nEq per minute. In the prehydrated state he responded normally. In 
contrast to this, our recipient, in the hydropenie state, responded to the intra- 
venous Infusion of 3,000 ml. of isotonie saline by a decrease in free water 
clearance. an inerease in urine sodium exeretion, an increase in osmolar clear- 
ance, and an elaboration of a hypertonic urine, which are normal responses. In 
the prehydrated state he responded normally to rapid infusion of isotonic saline 
by elaborating a hypotonie urine with an inerease in osmolar clearance and in 
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free water clearance. The normal supine human subject responds to intravenous 
administration of 25 per cent salt poor albumin by a decrease in solute and 
water excretion?’ and by a more marked antidiuresis when the albumin is infused 
rapidly.'* In our recipient there were decreases in urine flow, Cy o and Cou 
during albumin infusion. There were increases in Cy,o and urine flow and a 
slight inerease in Coy, during follow-up periods. Sodium and chloride exere- 
tion deereased appreciably during albumin infusion and inereased in the follow- 
up periods. Osmotic urine to plasma ratios increased slightly during the in- 
fusion and later deereased slightly. 

The recipient has maintained normal body weight and plasma electrolyte 
concentrations over a period of many months. Acute changes in volume both 
with and without changes in tonicity produced changes in water exeretion and 
electrolyte excretion rates similar to those which are found in normal subjects. 
These data suggest that renal nerves are not a part of the efferent limb of the 


volume control system. 


SUMMARY AND CONCLUSIONS 


A report of a successfully homotransplanted kidney in an identical twin 
was presented and the functional integrity of the denervated kidney after 
simultaneous bilateral nephrectomy was investigated under these experimental 
conditions, It is concluded: 


l. That renal nerves are not necessary for the chronic regulation of extra- 
cellular fluid volume. 


2. That the possibility exists that the abnormalities observed by others may 
have been due to the longer ischemie period for the transplanted kidney or to a 
longer lapse between transplantation of the kidney and nephrectomies of the 
diseased organs, or both. 


3. That renal nerves are not actually necessary for the acute regulation of 
extracellular fluid volume. 

4. The renal nerves do not appear to be essential for the normal response 
of the kidney in the other diversified functions tested in this investigation. 


5. That the homologous transplanted kidney may maintain homeostasis. 


REFERENCES 


1. Hume, D. M., Schilling, J. A., Unger, A. M., and Ginn, H. E.: Human Renal Trans 
plantation: Technical and Clinical Considerations. To be published. 

2. Bricker, N. S., Guild, W. R., Reardan, J. B., and Merrill, J. P.: Studies on the 
Functional Capacity of a Denervated Homotransplanted Kidney in an Identical 
Twin With Parallel Observations in the Donor, J. Clin. Invest. 35: 1364, 1956. 

5. Smith, H. W., Finklestein, N., Aliminosa, L., Crawford, B., and Graber, M.: The Renal 
Clearances of Substituted Hippuric Acid Derivatives and Other Aromatic Acids in 
Dog and Man, J. Clin. Invest. 24: 388, 1945. 


t. Roe, J. H., Epstein, J. i. ane Goldstein, N. P.: \ Photometric Method for the 
Determination of Inulin in Plasma and Urine, J. Biol. Chem. 178: 839, 1949. 

5. Bonsnes, R, W., and Taussky, H. H.: On the Colorimetric Determination of Creatinine 
by the Jaffe Reaction, J. Biol. Chem. 158: 581, 1945. 

6. Van Slyke, D. D., and Hiller, A.: Applieation of Sendroy ’s lodometrie Chloride 
Titration to Protein Containing Fluids, J. Biol. Chem. 167: 107, 1947. 

7. Borst, J. G., and DeVries, L. A.: The Three Types of ‘‘ Natural’’ Diuresis, Lancet 2: 


1, 1950. 




















\ 


iz 
1 
14. 





e HUMAN RENAL TRANSPLANTATION 13 
Kaplan, S. A., and Rapoport, S.: Urinary Exeretion of Sodium and Chloride After 


Splanchnicotomy; Effect on the Proximal Tubule, Am. J. Physiol. 164: 175, 1951. 
Bricker, N. S., Straffon, R. A., Mahoney, E. P., and Merrill, J. P.: The Funetional 
Capacity of the Nidney Denervated by Autotransplantation in the Dog, J. Clin. 
Invest. 387: 185, 1958. 
Strauss, M. B., Davis, R. IW., Rosenbaum, J. D.. and Rossmeiol, E. C.: Production of 
Increased Renal Sodium Excretion by the Hypotonie Expansion of Extracellular 
Fluid Volume in Recumbent Subjects, J. Clin. Invest. 31: 80, 1952. 

Ladd, M.: The Effeet of Prehydration of Response to Saline Infusion in Man, J. 
Appl. Physiol. 3: 879, 1951. 

Ladd, M.: Effeet of Prehydration Upon Renal Exeretion of Sodium in Man, J. Appl. 
Physiol. 3: 603 and 609, 1951. 

Goodyer, A. V. N., Peterson, E. R., and Relman, A. S.: Some Effeets of Albumin 
Infusions on Renal Function and Electrolyte Exeretion in Normal Man, J. Appl. 
Physiol, 1: 671, 1949. 

Petersdorf, R. G., and Welt, L. G.: The Effect of an Infusion of Hypertonie Albumin 


on the Exeretion of Water and Solutes, .J. Clin. Lnvest. 32: 283, 1953. 








EEFECT OF PREDNISONE ON BLOOD COAGULATION TIME 
IN PATIENTS ON DICUMAROL THERAPY 
J. Menezet, M.D., AND F. Dreyruss, M.D. 
JERUSALEM, ISRAEL 
Previous EL PEerrence with ACTH (adrenocorticotrophic hormone) and corti 
costcroids has shown that these substances when administered by injection or by 
mouth will shorten the blood coagulation time within a number of hours. It 
seemed of interest to determine the effect of prednisone on the clotting time when 
this had boon prolonged hy Dicumarol (bishyudrorycoumarin) therapy. { sid 
nificant decrease of the whole blood coaqulation time was observed after oral 
administration of 10 ma. of prednisone ino pationts who had reecived Dieumarol 
for several days, The mean silicone coagulation time in: these paticnts who had 


eceived Diecumarol before administration of prednisone was found to be 28.10 


+ 4 ; 


2.59 minutes; 2 hours after the administration of prednisone it was 23.90 + 


,» 


minutes: 4 hours after administration it was 22.00 + 1.85 minutes. The 
clotting accelerating mechanism of prednisone and its possible the rape ulie 


mpl ations are hy i¢ flu disc UuNSNE d. 


T HAS been demonstrated in a previous study' dealing with the effeet of 

corticotrophin, cortisone, and prednisone on coagulation time, that pred- 
nisone, when administered orally in therapeutie doses, will usually accelerate 
whole blood coagulation time. This effeet will be particularly conspicuous 
when the determination is performed in siliconized tubes... The influence of 
Dicumarol on blood coagulation has been investigated by many authors; it 
seems that not only prothrombin but also other coagulation factors are affected 
mainly Factor VII (proconvertin) and another factor necessary for thrombo- 
plastin formation.2* A prolongation of clotting time as determined in glass 
tubes has been observed after long-term treatment with anticoagulants,® * a 
phenomenon which we have also seen to take plaee—and to a much larger 
extent—in silicone coated tubes. 

On the other hand, de Nicola* found an increase of Factor VIL activity 
after administration of cortisone and corticotrophin; Chatterjea and Solomon® 
and Fazlullah'® observed that patients on corticosteroid treatment who received 
anticoagulants at the same time beeause of thromboembolic complications would 
need larger doses of ethyl bisecoumacetate. This requirement of larger doses 
of anticoagulants would decrease after cessation of corticosteroid therapy. 
(‘onsequently it seemed of interest to investigate the influence of prednisone 
on the clotting time prolonged by Dicumarol. 


From the Department of Medicine A of the Rothschild Hadassah University Hospital 
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MATERIAL AND METHODS 


The subjects of this investigation were 24 ward patients receiving Diecumarol because 
of thromboembolic diseases such as myocardial or pulmonary infarction or thrombophlebitis. 
They had not received prednisone before. The patients had been given Dieumarol long 
enough to depress prothrombin levels to 40 per cent or less of control values. They received 

light breakfast before the experiment and eare was taken to avoid hunger during the 
experiment by offering them tea and rusks. Prior to oral administration of 10 mg. predni 
sone an absolute blood eosinophil count was taken and the glass and_ silicone coagulation 
times of venous blood as well as prothrombin times were determined. Two and 4 hours after 
the administration of prednisone, glass and silicone coagulation times were again determined ; 
a second eosinophil count was taken 4 hours after the administration of prednisone, In 12 
of these patients, as a control study, the same examinations at the same time intervals 
were performed it which placebo tablets were used, 

Prothrombin time was determined in several patients before, and 2 and 4 hours after 
administration of prednisone, Since in these preliminary experiments no significant change 
was observed, only the values obtained the morning before administration of prednisone are 


presented, 


Clotting Time Determination, About 12 ml. of venous blood was taken and used only 
when obtained by a technically satisfactory puncture. One milliliter of blood was put into 
each of 2 glass and 2 siliconized test tubes (size 10 by 100 mm.) in a water bath at 37° ©, 


Syringes, needles, and tubes were siliconized* and used only once. The moment 50 per cent 
of the blood entered the syringe was taken as the zero point. The first glass tube was 
tilted every 30 seconds: the first silicone coated tube was tilted for the first time after 5 
minutes, subsequently every 1 minute. The second glass and siliconized tubes were only 
tilted after the first ones had shown elotting and the time of clotting in these tubes was 
reeorded and used for evaluation. The first few milliliters of blood which entered the 
svringe was discarded, 

In the course of previous work in this field'.11 and through the literature we had 
become familiar with the intrieacies of clotting time determinations, especially in’ siliconized 
tubes. This method has reeently been strietly evaluated by Merskey and Nossel!? who 


pomnted out a number 


f difticulties of this method and of its evaluation when comparing 
results obtained from different patients under varying circumstances. We have carried out 
double determinations on samples taken through 1 venipuneture and the maximum difference 
observed between 2 tubes was occasionally 1 minute, 80 seconds. Our technician, thoroughly 
familiar with this type of determination, has mostly been unaware whether prednisone or 
placebo had been given to a patient under study. We have made it a point in this, as in our 
previous work,! to eliminate results from patients who seemed to be very anxious because 
of the repeated taking of blood samples, 

Eosinophil Counts.—Eosinophil counts were done with 0.01 per eent eosin—5 per cent 
acetone stain in distilled water. 

Prothrombin Time.—Prothrombin time was determined by the Quick method and using 
a dried rabbit brain thromboplastin (Difco) preparation and ealeium ehloride, 0.02 molar 
solution. Fresh human normal plasma diluted with 0.85 per cent sodium chloride was used 
to make up dilution curves for expressing prothrombin activity in per cent of normal con 


centration, 
RESULTS 
Table I presents the results of the examinations performed before and 
after administration of 10 mg. prednisone in 24 patients who had received 
Dicumarol. 


*Silicone resin, Drifilm 9986, General Electric Corp 
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The results of the control studies—before and after placebo administration 

are given in Table Il. The average coagulation times observed and the average 
differences before and 2 and 4 hours after administration of placebo and 

prednisone, respectively, are summarized in Table IIT. The mean silicone time 
has been previously found to be 16.22 + 0.542 (standard deviation of the mean 


in a control vroup who had hot recerved Dicumarol, 


TABLE ILI. StMMARY OF AVERAGE COAGULATION TIMES AND DIFFERENCES IN PATIENTS 
RECEIVING DicUMAROL BEFORE AND 2 AND 4+ Hours AFTER ORAL ADMINISTRATION OF 
PLACEBO AND 10 MG. PREDNISONE 


AVERAGE COAGULATION TIMI 
NO. OF CASES BEFORE ADMIN 


WITH Ik ISTRATION * AFTER ADMINIS- AVERAGE DIFFER 
COAGULATION NO. OF CASES CREASES OF CO- S.D. OF THE TRATION *+ S.D.) ENCES *+ S.D. 
TIME (HOURS) STUDIED AGULATION TIME MEAN OF THE MEAN OF THE MEAN 
Controls (Placeho). 
G.C.T. 2 12 } 9.37 + 0.54 S13 + 655 0.16 + 0.28 
G.C.T. 4 12 5 9.37 + 0.54 9.16 + 0.50 0.20 = 0.20 
8.C.T. 2 10 5 23.50 + 2.85 24.30 + 3.42 0.50 + 1.62 
S.C.T. 4 12  j 23.50 + 2.85 S3.a0 + Z3c 0.58 + 1.62 
Prednisone (10 ma.) 
GEc.T. s +s) 15 10.65 + 1.07 Q8S4 + O40 0.96 * O.6 
G.C.T. 4 Ze 15 10.65 + 1.07 9.70 + 0.54 0.95 + 0.53 
BAe. S 24 20 28.10 + 2.59 23.90 * 2.23 1.27 + 0.76 
6.6.7. 4 24 IS PR 10 + 2.59 2) OO + 1.85 6.10 + 1.80 
sS.D standard deviation ; G..cC.T. glass coagulation time; S.C.T silicone Coagulation 
tine 


TABLE TV. STATISTICAL EVALVATION OF EFFECTS OF 10 MG. PREDNISONE ON GLASS (G.CLT. 
AND SILICONE COAGULATION TIME (S.C.T.) IN PATIENTS RECEIVING DICUMARO! 


G.C.1T $.C.1 
2 HOURS $ HOURS 2 HOURS $ HOURS 
34 $2 13 33 
n 19 20 23 23 
p 0.005 « DS. < 0.01 0.005 < p < 0.0] p< 0.005 P< 0.005 
= matched samples: n number of cases with before-after difference different from 


zero: p probability factor 


The difference between readings before and 2 and 4 hours after prednisone 
administration both in glass and_= silicone coated tubes has been tested 
by Willeoxon’s matehed samples (T) test. The results of this test are given 
in Table IV. The one tailed test procedure was used since the hypothesis 
tested is that prednisone lessens coagulation time. It is easily seen from 
these tables that the differences are significantly different from zero. In the 
control group differences between the readings before and after placebo ad- 
ministration were very small and randomly distributed to the positive and 


negative sides. 
DISCUSSION 
Acceleration of whole blood coagulation time by prednisone in most 


patients who had received Dicumarol is evident when the examinations are 


performed in silicone coated tubes. Prednisone in the dose applied seems 
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consequently to obviate the effect of anticoagulant treatment. This observation 
is in line with previous reports whieh state that the corticosteroids can produce 
a state of hypereoagulability which may then predispose to thromboembolic 
complieations.'® 14 It is difficult, however, to relate the thromboembolic episodes 
occurring in patients receiving hormonal treatment to the administration of 
these substances alone, because sueh patients may easily become prone to develop 
these complications through the combined effeet of bed rest and many other 
factors connected with the underlying disease. 

It is impossible to draw any conelusions as to which of the clotting factors 
is or are influenced by administration of prednisone from this study. Since 
proconvertin deficiency apparently determines the prolongation of clotting 
time in patients treated with Dieumarol, it may be assumed that prednisone 
mobilizes or replaces convertin activity, an effect similar to de Nieola’s ob- 
servation for ACTIL and cortisone. 

Incidentally, the prolongation of the silicone coagulation time by Dicumarol 
whieh usually appears a few days after the beginning of anticoagulant treat- 
ment may serve in the evaluation of this regime. Mayer and Connell have 
demonstrated that Dieumarol,’’ ethyl biscoumacetate,'? and Sintrom' prolong 
coagulation time as examined in glass tubes by a standardized method.’* Our 
results point to the same direetion. 


SUMMARY 


Whole blood coagulation time was determined in glass and silicone coated 
test tubes in 24 patients who had reeeived Dicumarol before and 2 and 4 hours 
after administration of 10 mg. of prednisone; 12 of these individuals served 
as controls. 


Prolongation of the silicone coagulation time appeared regularly in the 


course of Dieumarol treatment. The mean silicone coagulation time in the 


24 patients who had received Dicumarol before the administration of prednisone 
was 28.10 + 2.59 minutes (standard deviation of the mean), whereas the mean 
silicone coagulation time as determined by us previously? in control patients 
Without anticoagulation treatment was 16.22 + 0.542 


minutes. 
The administration of 10° mg. of prednisone produced a statistically 
signifieant aeceleration of the silicone coagulation time prolonged by Dieumarol. 
The mean silicone coagulation time 2 hours after administration of prednisone 
was found to be 23.9 


22.0 + 1.85 


2.23 and 4+ hours after prednisone was given, it was 
(standard deviation of the mean). 


We are grateful to Prof. L. Guttman and Mr, Perez from the Hebrew University 


for their help in doing the statistical evaluation. 
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DITYDROVITAMIN Kk, BIPHOSPHATE IN) BISHYDROXNYCOUMARIN 
INDUCED HYPOPROTHROMBINEMIA 
Miron SHOSHKES, M.D..* aNp Mario Tami, M.D.** 
NEWARK, N. J. 


Dihudrovitamin AN biphosphate, a wat soluabl salt, has been «ported 


to be an cffective antagonist to drug induccd hypoprothromb nemia, comparable 


to, if not superior to oil soluble itamin W,. This water soluble salt was 


administered to hosp talized patients rendercd hypoprothrombinemi with bis 


hudroxyeoumarin in doses varying from 5 to 50 ma. orally, 10 to 50 ma. 


, ’ ) 
intravenously, and 5O ma. intramuscularly and 50 ma. subecutancously. Pro 


thrombin times observed ove) D4 hours demonstrated this vitamin to be quite 


ineffective when COMPATISONS to a control group were made. 1 definite 


positive 


ffeet qreater than the control could bi found only after 50 ma. intravenously 
or subeutancously was given: all other dose ranacs and routes were lacking in 


prothrombin time CSPponse., 

Hh ever-increasing clinical use of hvpoprothrombineniia Inducing anticoag- 

ulants has emphasized the need for a veadily available antidote. Sueh an 
antidote is required under numerous circumstances (e.g., spontaneous hemor- 
rhagie complications caused by an overdose of anticoagulant drug or drug 
hypersensitivity, hemorrhage caused by accidental injury while under sueh 
therapy, or the unexpeeted appearance of a new medical or surgical illness 
superimposed upon the patient’s initial disease and urgently requiring the 
discontinuanee of the induced hyvpoprothrombinemia : Phytonadione 
soluble vitamin K, 


(or oil 
is widely accepted as the most effective antidote for drug 
indueed hypoprothrombinemia.’: ? It is administered orally in 


doses ranging 
from 10 to 50 me. * or 


parenterally as an oil in water emulsion, usually 
administered intravenously in 50 mg. doses.*.* The use of an oily material 
has some minor disadvantages, however. There are mechanical difficulties in- 
herent in the use of the injectable emulsion (e.@., instability of 


o its colloidal 
state with ‘‘breakine’’ 


of the emulsion and loss of the colloidal dispersion). 
Another handicap to its simplieity of use is that the emulsion requires dilution 
hefore injection. The pharmaceutically ideal preparation should be water 
soluble and be capable of being injected intravenously without dilution. 


The phytonadione tablet for oral administration has been a useful prepara- 
tion, but there is a theoretie objeetion in that as an oil soluble material it would 
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not be well absorbed in the elinieal situation of complete biliary obstruction. 
A water soluble material theoretically should not require the emulsifying 
action of bile salts for intestinal absorption. 

Mushett and associates? have reported upon their experience with a 
water soluble disodium salt of vitamin K,, the formula of whieh is 2-methyv! 
$-phytyl-1, 4-naphthohydroquinone-1, 4-disphosphate (dihydrovitamin Ky, bi- 
phosphate). They administered this material orally, intramuseularly, and 
intravenously into dogs rendered hypoprothrombinemie by bishydroxyeoumarin 
(Dicumarol) or diphenadione (Dipaxin) in short term experiments. They 
reported that equimolar intravenous and oral doses of the dihydrovitamin kK, 
biphosphate and of vitamin K, emulsion exhibited like activity in’ reversing 
the drug induced hypoprothrominemia, whereas at equimolar dosage levels, 
given intramuscularly, they felt the water soluble compound was superior. 
Bole and Duff® tested this compound in three healthy volunteers rendered 
hypoprothrombinemie with bishydroxyveoumarin and found a significant effect 
upon the prothrombin time within 1 hour, and upon the Faetor VIL levels 
within 114 hours. These workers also used it in the elinical situations of 
drug induced excessive hypoprothrombinemia, one a 78-year-old woman with 
profuse gastrointestinal hemorrhage and the other a woman with a prothrombin 
time of 59 seconds. Excellent responses were obtained in both with doses 
of 40 and 60 mg., respectively, given intravenously, obtaining safe prothrombin 
levels in 5 and 3 hours, respectively. 

With these enthusiastic reports in mind, we felt a clinieal sereening 
of the efficaey of this drug in various dose ranges and in the usual modes of 
administration was indicated. 


METHOD 


The studies were performed successfully upon 41) adults who previously had been 
under anticoagulant therapy, using bishydroxyeoumarin for relevant illnesses often associated 
with thromboembolic phenomena. Twenty-eight of this group were hospitalized for acute 
myocardial infaretions, 11 for acute coronary insufficiency, and 2 for acute pulmonary 
infarction, Blood prothrombin times were determined daily. Bishydroxyeoumarin was 
discontinued the day before testing, usually after weeks of stabilized levels of hypopro 
thrombinemia, with levels maintained at 50 per eent (22 to 28 seconds) or less. On the 
morning of the day of testing, determination of the prothrombin times was done just prior 
to the administration of dihydrovitamin K, biphosphate, then 2, 4, 6, 8, and 24 hours 
subsequent to this time. Seven additional patients were used as controls. All procedures 
were done similarly, with the exception of the administration of the vitamin K,. Oxalated 
blood was used throughout, and the prothrombin times were determined by the Link-Shapiro 
modification of the Quick method, using Solu-Plastin (solution of thromboplastin derived 


from fresh brain and lung tissue 
RESULTS 
The results of the experiment are summarized in Tables | and Il. The 
individual control prothrombin times in seconds were used as the base line 
value, and deviations from this value were averaged as mean positive or negative 


values. For example, a fall in prothrombin time of 5 seconds is recorded as 
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> and a rise of S seconds as oS. Since the bishvdroxyveoumarin was dis- 
continued for 24 hours prior to testing, a moderate fall in the prothrombin 
times over the sueceeding 24 hours of the test, or 48 hours after the last dose 
of anticoagulant is to be expected in this series of 7 subjects. The average 
fall in 24 hours was 10 seconds. An accelerated fall toward normal levels should 
be obtained with a potent vitamin Ky. 

Table | charts the results after oral administration of 5, 10, and 50° mg. 
of the water soluble vitamin, There is no discernible difference between these 
dose ranges and the control series over the 24 hours of observation. Falls in 
prothrombin times of 5 to 10 seconds were observed after 24 hours and these 


were distributed in a random fashion despite the dose variations. 


TABLE I. RESPONSE OF BISHYDROXYCOUMARIN (DICUMAROL) INDUCED Hy POPROTHROMBINEMIA 
ro ORALLY ADMINISTERED DIHYDROVITAMIN Ky, BIPHOSPHATE 


CONTROL (7 5 wa. (5) 10 MG. (95) 25 MG. (5 50 MG. (+) 
rIME MEAN FALL MEAN FALI MEAN FALI MEAN FALL MEAN FALL 
HR. ) (SEC. SEC. SEC, SEC. SEC. ) 

2 2 +] 0 I 8 
t 3 2 4 +3 +6 
6 5 2 0 +2 +6 
S 5 2 l +4 +2 
24 10 Ss 10 a D 
*Numbers in parenthese ire numbers of patients tested. 


TABLE Il. RESPONSE OF BISHYDROXYCOUMARIN (DICUMAROL) INDUCED ILYPOPROTHROMBINEMIA 
ro PARENTERALLY ADMINISTERED DIHYDROVITAMIN K, BIPHOSPHATE 


CONTROL 10 mwa. E.V. | 25 we. I.V. | 50 ue. LV. | 50 wo. LM. | 50 ma. BX. 
7)* (3 5 (5) (5) 5 

riMt MEAN FALL MEAN FALL MEAN FALL MEAN FALI MEAN FALL MEAN FALI 
HR, ) SEC.) SEC. ) SEC. (SEC. ) (SEC. (SEC. 
2 2 0 0 ] +] 0 
} 3 +4 3 a) a) 3 
6 D +2 3 7 +] ) 
Ss 2 2 D Ss D 4 
24 10 10 9 15 ) 21 

1.\ intravenous IM intramuscular, S.C. subcutaneous 


*Numbers in parentheses are numbers of patients tested. 


Table IL charts the results after the parenteral administration of 10, 25, 
and 50 me. intravenously, 50 mg. intramuseularly, and 50 mg. subcutaneously. 
This table demonstrates a definite response as compared to the control only 
after 24 hours subsequent to the intravenous and subcutaneous administration 
of 50 me. doses. The smaller intravenous doses were ineffective, as was the 
intramuseular dose of 50 mg. These minimal changes are comparable to the 
minimal declines after the oral doses and do not differ from the control series. 
No significant untoward reaction was experienced by any patient. Two subjeets 
had a coneurrent elevation of temperature to 101° EF. in the day of parenteral 
administration of the vitamin without other symptoms. The vitamin was 
used therapeutieally in only one instance, when 50 mg. was given subcutaneously 


to a subjeet with gross hematuria and hemoptysis without effect over a 24 hour 
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observation period. At this time, 50 me. of vitamin K, emulsion was given 

intravenously with a rapid amelioration of the bleeding diathesis. 


DISCUSSION 


It is not unusual for the effect of drugs to vary according to the species 
used for testing, in that the same drug may be quite effective in one species 
of laboratory animal, vet relatively impotent ino another animal or in- the 
human. Although the initial reports on the use of dihydrovitamin kK, bi- 
phosphate as antidote to bishyvdroxvcoumarin were favorable, the major experi 
ments were limited to the dog” The clinical sereening of this drug to counter 
the hypoprothrombinemia induced by bishydroxyeoumarin in the human failed 
to confirm its therapeutic effectiveness with dose ranges comparable to those 
recommended for phytonadione by oral and parenteral routes. The mechanical 
faults of the emulsion in e¢linical situations where it is required are minor 
and are more than overcome by its demonstrated superiority over the water 
soluble forms of vitamin Ko in’ sueh circumstances. Syneopal episodes are 
experienced on occasion, but major eatastrophie reactions are exceedingly rare. 
kor the present, it does not seem warranted to use the dihvdrovitamin Kk, 
biphosphate clinically, except for specific investigative purposes, 


SUMMARY 


1. Dihydrovitamin Ky biphosphate, a new water soluble salt) of vitamin 
KK, was screened clinically for effectiveness as an antidote to bishydroxyveoumarin 
In patients rendered hypoprothrombinemie with this drug. 


2. This vitamin is ineffective taken orally in’ doses ranging from 5 to 


20) me. over a 24 hour observation period, 


3. In similar observations this vitamin demonstrates some effectiveness 
parenterally in doses of 50 mg. given intravenously or subeutaneously. This 
sume dose given intramuscularly was ineffective as were intravenous doses 
smaller than 50 me. 
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BLOOD COAGULATION DURING SLEEP 
Thomas F. Newcoms, M.D.,* EvGenr D. Rosin, M.D., Davip M. Travis, M.D.,** 
\ND DESMOND G@. JULIAN, M.B. 
Boston, Mass. 


With THE TECHNICAL ASSISTANCE OF DorotTity HEARNE 


No differenecs between the waking and the sleeping state could be 


demonstrated in the following parameters of blood clotting: Quick pro 


thrombin, prothrombin proconvertin (Owren), proaceclerin, Russell's viper venom 


fime, partial thromboplastin fime, fibrinogen, platelet count, cudglobulin lysis 


time, and thromboplastin generation test. 


ILANGES in blood clotting during sleep have been reported in patients with 
C paroxysmal nocturnal hemoglobinuria,’ in animals during hibernation,” 
and in normal subjeets.'. In the first situation sueh ehanges are said to eon- 
tribute to the nocturnal hemolysis. These changes are reported to consist of an 
inerease In the accelerator globulin (proaccelerin) activity, and in Factor VII 
proconvertin) activity.' Such changes are similarly held to oeeur in the normal 
person, but we have been unable to find the data upon which this conclusion is 
based. In hibernating animals there is a prolongation of the clotting time*® and 
prothrombin time. Jecause the data in humans were unconvineing and at 
varianee with what one might expect by analogy, we felt that a systematie In- 


vestigation of blood elotting in the sleeping human would give useful information, 


METHODS 


The subjects were normal individuals or patients without known involvement of the 


ematopoietic system. Each subject reported to the laboratory late in the evening without 
special preparation, A comfortable bed in a dark environment was provided. No sedative 
drugs were used. A polyethylene catheter was placed in an accessible arm vein and the 
first ‘‘waking’* sample was taken. The subject was then allowed to sleep. Samples were 


taken at hourly intervals with every effort made to avoid disturbing the patient. Between 


samples the catheter was filled with heparin in saline (1 mg. per milliliter) to keep it 


patent. Over the course of the entire night not more than 10 mg. was injected and, 


in general, approximately 5 mg. was used. Prior to obtaining the sample, the eatheter was 
PI h g g 


flushed by the removal of 10 to 50 ml. of blood, The sample was obtained in a silicone 


coated syringe and transferred to tubes which contained the appropriate anticoagulant. 


lor measurement of fibrinolysin, the sample was taken in a syringe which contained 
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3.8 per cent sodium citrate as deseribed., Depending upon responsiveness, the subjeet was 
graded as awake, intermediate, or sound asleep, and the sample taken was so marked, 
\ ‘*waking’’ sample was always taken at the end of the night. In three subjects, 
heeause of blockage of the catheter during the night, the morning sample was taken by 
direct venipuncture, Samples were discarded if blood flow was not free. 

Clotting tests were performed by the following methods: one = stage prothrombin 
Quick )* modified by the use of Owren’s thromboplastin,? prothrombin-proconvertin (Owren ),? 
specific proaccelerin assay,s prothrombin (Russell’s viper venom method),? also considered 
to be sensitive to changes in the Stuart-Prower factor,® partial thromboplastin time (using 
erude brain extract as cephalin),!° fibrinogen® modified by collecting the fibrin on filter 
paper, platelet count,’ and euglobulin lysis time. 

Thromboplastin generation tests were performed using 4 basic reagents in the generating 
mixture: adsorbed plasma, serum, crude brain extraet (cephalin) as a platelet substitute, 
and CaCl, After these are mixed the generation of thromboplastin is followed by adding 
aliquots to a test plasma at intervals. The clotting time of the test plasma retleets both 


the thromboplastin-like and thrombin-like activity generated in the test system. Since there 


is very little prothrombin in the generating system, the test primarily follows thromboplastin 
generation, In order to test various factors involved in thromboplastin generation the 
substrate plasma, the cephalin, and the caleium were kept constant and the other reagents 


varied as follows (each test being run on repeated samples throughout the night 


l. For Evaluation of Plasma Factors (Antihemophilic Globulin, Proaccelerin).—Oxalated 
plasma from the subjeet was adsorbed with BaSO, (100 mg. per milliliter) and was used 
aus the only variable in the generation system, The other components of the system were: 
a) eluate of BaSO, which had previously been mixed with normal serum (this eluate is 
similar to that described by Hijort!! and serves as a stable source of plasma thromboplastin 
component and Stuart-Prower factor. It also contains small amounts of prothrombin), 
bb) cephalin,'® and (¢) CaCl, 

2. For Evaluation of Serum Factors (Plasma Thromboplastin Component, Stuart-Prowe: 
Factor).—A single normal plasma was adsorbed with BaSO, and frozen. It was subsequently 
used in all tests as a source of antihemophilie globulin and proaccelerin. The serum reagent 
originated from the subject as follows: Blood was added from the syringe to each of 
three glass tubes (3 ml. each). The tubes were inverted repeatedly until the blood clotted. 
They were incubated at 37° C. for 1 hour after which the serum was separated by 
centrifugation and ineubated an additional 5 hours, The 8 sera were then pooled and 
frozen until tested. Cephalin and CaCl, completed the system, 

3. Over-all Thromboplastin Generation (De pendent on all of the Foregoing Plus Plasma 
Thromboplastin  Antecedent).—Over-all thromboplastin generation was estimated by using 
the subjeet’s oxalated adsorbed plasma prepared as in J. and serum prepared as follows: 
Three milliliters of blood was added from the syringe to each of 2 tubes which contained 
0.1 ml. thromboplastin. The tubes were forcibly inverted 8 times, incubated for 30 minutes 
at 37° C., and the serum was separated by centrifugation. The sera were actively stirred 
with small pledgets of glass wool at the beginning and at the end of an additional 30 
minute incubation. They were then placed on ice and the test was run within 30 minutes. 
\ separate curve was determined for each serum tube and the average was taken. 


Generation tests were performed with the following dilutions: 


For plasma faetors: (a) adsorbed plasma 1:20, and (b) serum eluate 1:10. This 
corresponds to approximately the same activity as the parent serum.) 

For serum factors: (a) adsorbed plasma 1:10, and (hb) serum 1:20. 

For over-all generation: (a) adsorbed plasma 1:10, and (b) serum 1:20, 


Cephalin 1:200 and CaCl, 0.025M was used in all tests. Other conditions of the test 
system have been deseribed.12 

For convenience of reporting each generation curve is represented by iis minimum 
clotting time (the fastest clotting time representing the peak activity), and by the incubation 


time (the time from the start of the reaction until peak activity is reached). 
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RESULTS 
As is indicated in Tables | and IT, there was no significant change in the 
parameters of clotting which were studied. The average values are given. It 
may be stated further that when individual reeords are followed throughout the 


night, there was no consistent trend 


TABLE T, 


CHANGES IN CLOTTING TESTS DURING SLEEP 
AWAKI INTERMEDIATE ASLEEP 
roval roTAI TOTAI 
PA NO. AVER AVER N¢ AVER AVER NO. AVER AVER 
TEST PEN‘ OBS, AGH AGI OBS, AGI AGI OBS. AGI AGI 
One stage ie 2 12.1 l 11.8 2 11.7 
prothrombin \. 2 14.1 2 14.0 Z 14.1 
Quick see. c. 2 14.0 1 5 1 14.1 
EB. 2 14.7 6 15.2 
13.7 13.0 13.8 
Prothrombin y. ro 25.7 | 95.9 4 OW | 
proconvertin Cc. g 2.9 I 31.5 ] 30.2 
Owren sec. EB. 2 3.8 a) 33.8 
0.8 8.7 29.9 
Proaceelerin V. 2 23 9 1 226 2 22.6 
sec, \. 2 27.0 2 26.5 2 25.0 
$3 2 6.4 l 25.7 | 27 
E. 2 27.0 5 27.9 
caees? < 25.9 
Prothrombin A. 2 276 l "6.4 9 °6.5 
Russell ’s viper c. ” 23.6 l oa.0 | 22.0 
venom sec, 7. » 2° 6 { 12 7 
7 24.9 ri f 5 
Partial y, 2 ae l O65 2 60 
thromboplastin \. 3 6S ] re) 2 67.5 
time (see, C. 2 60 1 60 l 60 
EB. 2 87.9 a 76 
6S 67 66 
Platelet eount P. 2 196 l 174 2 200 
thousands /mm., Ph. 1 261 2 B51 
a0 PPG 
Kuglobulin P. » 85 1 7) 9 107 
lvsis time (min. Ph. { POT ” 301 
M. 3 N7 l 70 Z 132 
R ) 17 ’ 995 
152 19] 
Fibrinogen V. ° 309 2 390 
mg./100 mil.) A. 2 POS 2 POL 9 178 
C. 2 176 l 145 | 198 
EB. 2 390 5 336 
293 174 276 





DISCUSSION 


The chief problem attendant upon a study involving the use of an indwelling 
venous catheter is that it is necessary to use an anticoagulant to keep the catheter 


patent throughout the study. As a control for this faetor the experiment 


deseribed includes values obtained during the waking state at the beginning, 


the middle, and the end of the night. Variation of individual tests might be 
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aseribed to insufficient flushing of the eatheter. This is particularly true of the 
thromboplastin generation tests in which the serum reagent originated from the 
patient. In spite of this the results are reproducible enough to indieate that 
there is no essential difference in blood clotting between the normal person in the 
waking state and the normal person in the sleeping state. These results do not 
agree with those reported hv Lasch and co-workers! and alluded to hv Crosby.' 
In the former report the patient studied had paroxysmal nocturnal hemo 
elobinuria and the acceleration of coagulation noted may have been the result 
rather than the cause of the hemolysis.7° In the latter report data are not 
available for comparison. 


TABLE II. CHANGES IN THROMBOPLASTIN GENERATION TESTS DURING SLEEP 


AWAKI INTERMEDIATI ASLEEP 
TOTAL TOTAI TOTAL 
PA NO. AVER- | AVER-| NO. AVER- | AVER-| NO. AVER AVER 
TEST rIENT | OBS, AGE AGE | OBS. AGE AGE | OBS. AGE AGI 
For plasma factors M. 2 10.5 2 11.0 2 11.0 
minimum elotting W. 3 14.0 2 14.0 2 13.0 
time; see. B. 2 10.5 ] 11.0 3 10.0 
A 21.7 12.0 113.3 
For plasma factors ‘ 
(incubation time; M. 2 1.5 2 1.0 9 6.0 
min. )* W. 3 6.0 y4 7.0 y 4 6.5 
B. 2 6.0 l 5.5 3 5.5 
5.5 Be 6.0 
For serum factors M. 3 9.8 3 9.8 2 9.8 
(minimum clotting B. 2 13.0 l 12.5 3 10.2 
time; see, W. 7 14.7 o 14.9 2 13.9 
12.5 12.4 11 
For serum factors M. 3 5.0 3 5.9 2 8.7 
(incubation time; B. 2 5.5 l 6.0 3 5.0 
min. W. 3 6.2 9 6.5 2 6.5 
9.6 6.1 O04 
Over-all generation R. 2 11.0 1 4 BS l 13.0 
(minimum clotting M. 2 17.0 2 18.5 l 18.0 
time; see. 14.0 15.0 15.5 
Over-all generation R. 2 8.0 | 6.0 I 1.0 
(ineubation time; M. 2 res 2 9.5 1 13.0 
min. ) 7.8 7.8 8.9 
*See text for definition of minimum clotting time and incubation time 
"he data on fibrinolytic activity are of interest. Buekell and Elliott"! have 


demonstrated a diurnal variation in fibrinolysis. Others have shown an inhibi- 
tion of fibrinolysis in association with an inerease in lipemia.’’ The absence of 
shifts in cholesterol and phospholipids during sleep’ in association with the 
absence of changes in lysis time are compatible with these data. The method 
used in this study was similar to that with whieh diurnal fluctuation was 
demonstrated. 

The absence of coagulation changes in man during sleep may have no direct 
relationship to the changes during hibernation in animals. The findings of this 
study reinforce the widely held view that hibernation and physiologic sleep are 
basically distinct and different entities. As with all studies of hemostasis, the 
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methods used here are erude when compared with the processes believed to be 
occurring in vivo. The present evidence indieates however that there are no 


significant changes in blood coagulability associated with natural sleep. 
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TREATMENT OF EXPERIMENTAL ATILEROSCLEROSIS IN TILE 
RABBIT WITH LD. ALPILA CDIMYRISTOYL 
LECITITIN 
Jonas Maurukas, Pu.D., ANp Ropert G. THomas, M.D. 
ELYRIA, O10 
With THe TECHNICAL ASSISTANCE OF RAOUL REYES 
The effect of an intravenously infused synthetic LD. alpha (dimyristoyl) 
lecithin was studicd on plasma cholesterol concentrations and atheromatous in 
filtrations in five rabbits in whom atherosclerosis had been exrperime ntally induced. 
Infusion of 100 ml. of OS per cent LD. alpha lecithin in 5 per cent alicos. 
and saline into atheroselcrotie rabbits resulted in a transicnt rise of plasma 
cholesterol and phospholipid phosphorus and a gradual fall of hematocrit. 
Histologic examination of the aortas of the rabbits in which carperimental 
atherosclerosis had been produced and who had received five infusions of lecithin, 
showed marked resolution of atheromatous plaques as compared with noninfused 


atherosclerotic control rabbits. 


Ik PRESENCE of widely distributed phospholipids in_ tissues, and 

especially in the cells, has led to many theories as to the possible function of 
phosphatides.  Reeently, Friedman and = co-workers’? noted that soy bean 
phosphatide mixture infused intravenously into rabbits eaused hypercholester- 
olemia. Furthermore, it was observed that infusion of soy bean phosphatide 
into rabbits which had been previously made atherosclerotie produced resolution 
of the atheromatous infiltration of the rabbit aortas. 

In this article an attempt is made to study the effeet of pure svnthetie L,D. 
alpha (dimyristovl) lecithin on atheromatous infiltration of rabbit aortas. This 
lecithin was chosen in this investigation for its outstanding property to form 
an aqueous emulsion, and beeause the lecithins are typical representatives of the 
plasma phospholipids. The information gained may lead to a better under 
standing of the role of one important member of the phosphatide family in 


relation to cholesterol metabolism and atheroselerosis. 


MATERIALS AND METHODS 


Rabbits.—Fifteen male rabbits, 5 to 7 weeks old and weighing 3% to 4% pounds were 
used, 
Induction of Atheroselcrosis—Ten of these rabbits were placed on a diet of Purina 


chow whieh contained a per cent cholesterol and } per eent cottonseed oll for a period of 11 
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weeks, The chow and water were offered ad libidum. The weight and the plasma cholesterol 


of the rabbits were determined at the begining of the experiment and twice during the course 


of the feeding (Table Tj). At the end of the high cholesterol feeding period the rabbits were 
returned to regular Purina chow for 30 days. Regular Purina rabbit chow was fed to 5 
control rabbits at the same time. 

LD. Alpha (Dimuyristoyl) Lecithin Emulsion. Synthetic lecithin of known structure and 
configuration was prepared by modifying the Baer and Kates,! Baer and Maurukas® procedure, 


The vield so obtained ranged from 50 to 70 per cent of the theoretical (based on dimevristin 


vlycerol 
Synthetic lecithin was found to be 


for 12 


freezer fa refrigerator 


compartment 


months (at i” £.}. At the end of this period it) started to show some hemolytic 


blood cells. The 


moved by diazometholysis6 followed by reerystallization from ether. 


reaetion on rabbit and human red impurity causing the hemolysis wes re 


A OLS per cent emulsion Wits prepared fresh each morning Iyy adding OS Gaim. of 


to 100 mil. of 


ecitiin 


sterile 5.0 per cent glucose saline and shaking for 10 to 20 minutes at room 


temperature. The pH of the emulsion varied from 6.7 to 6.9. Filtration through a Berkefeld 


candle filter produced a bacteria-free emulsion. investigation, however, showed 


Bacter iologie 


the emulsion to be free from bacteria before filtration, and filtration was not used routinely, 


\n attempt was made to prepare lecithin emulsions of higher concentration; however, 








the viscosity of the emulsion was too high to be of use in intravenous infusion experiments. 
‘ I 
fnalytic Ue thods. Total jasma cholesterol was determined by the method of Bloor 
I ; 
and collaborators.s Total lipid phosphorus analysis was done according to the method ot 
King,’ and total fat determination according to the modified procedure of Zukerman and 
co-workers. ! 
TABLE I. WEIGHT AND BLoop CHOLESTEROL LEVELS IN RABBITS DURING INDUCTION oF 
EXPERIMENTAL ATHEROSCLEROSIS BY HIGH CHOLESTEROL FEEDINGS 
INITIAI ENDOF FIRS ENDOF SECOND PREINFUSION 
PREFEEDING MONTH MONTH POSTFEEDING 
MG. ¢ MG. % MG. % MG. % 
CHa CHO CHO CHO 
RABBI WEIGHT | LESTEROI WEIGHT | LESTERO! WEIGHT LESTEROI WEIGHT | LESTEROI 
l a tb, t Ih. DIb. 
11 oz. i) l4 oz. Liz S OZ. 302 
2 3 Ib. 5 Ib. 6 1b. 
10 oz. ot 6 OZ. 19] 6 OZ. L030 
3 3 Ih. Db. 6 1b. 
ll oz. QQ OZ, OSS 10 oz. 1,120 
i 3 Ib. tlh, 6 lb. 
12 oz. 63 13 oz. 11S l oz. 2 O40 
< 3 Ib. t 1h. tlh. 
15 oz. sed 10 oz, 1,0S0 ll oz. 1,750 
6 th. 5 lb. 5 Ib. 6 lb. 
1 oz. 24 +¥ S OZ. 717 Dd Oz, 17.6 
7 3 1b. 5 Ib. 6 Ib. 7 Ib. 
12 oz. 109 S Oz. 190 12 oz. 2,240 S oz, 100.0 
S tlh. Db. t Ih. Db. 
> OZ. D4 S OZ. 53D 15 oz. S46 4 Oz. 39.6 
q $ Ih. Db. 6 1b. 7 lb. 
2 OZ. oe 1 oz. 174 14 oz. 7 WY OZ. 3.0 
10 $ Ih. t Ih. Dh. 6 Ib. 
? OZ. D4 1] oz. 140 11 oz. 575 6 OZ. 31.0 
The aorta, after being stripped of adventitia, was dried at an oven temperature of 100 
M4 PI I 


to 105° C After grinding the dried tissue with aleohol 


(total 90 ml.) of hot 


until a constant weight was obtained. 


ether treated sand, it was extracted 3 times with 30 mil. alcohol-ether 


mixture (3:] The insoluble residue Was removed by centrifugation, The combined extracts 
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TABLE Il, Errectr or L,D. ALpHA (DimyrisToyL) Leciritin ON BLOOD CHOLESTEROL, | 
PHOSPHOLIPID- PHOSPHORUS, AND HEMATOCRIT OF ARTERIOSCLEROTIC: RABBITS | 
AVERAGE Of 
AVERAGE Of} PREINFUSION |) POSTINFUSION | 
LOWEST POST PREINFUSION POSTINFEFUSION PHOSPHO PHOSPHO 
PREINFUSION INFUSION CHOLESTEROL CHOLESTEROLS LIPID LIPIDS 
RABBIT HCT. (&%& HOT. (% MG. % (MG. % MG. % MG. % 
6 +0) 17 17.6 69.0 29 6.9 
7 30 25 100.0 115.0 0.6 8.7 
5 33 22 39.6 69.0 3.0 6.0 
+ 3S 19 13.0) 67.0 1.1 6.6 
10 37 16 31.0 60.0 }.1 5.5 


Were transferred to a lOO mil. volumetric flask and made up to 100 mk with aleoholether 


mixture (3:1). Aliquots were analyzed for total lipid, cholesterol, and lipid phosphorus. 


Procedure.—The external jugular veins of five atherosclerotic rabbits were cannulated 
according to the method described by Friedman and associates, Morphine sulfate was used 
for anesthesia, Two days after cannulation, each rabbit was infused via the cannula over 
approximately a 4 hour period with 100 ml. of O.S per cent LD. alpha (dimyristoyl) lecithin 
emulsion, The infusion was repeated at intervals of 4 to 6 days. Two rabbits of this group 
received 5 infusions. One rabbit received 4 infusions and two others received 3 infusions 
each. Blood samples were obtained before and at variable intervals after infusion, These 
were analyzed for total cholesterol, phospholipid phosphorus, and hematocrit Table II 

At the end of the series of infusions the rabbits were permitted to rest for approxi 
mately 6 to 12 days. The 5 atheroselerotie rabbits which had been infused with lec ithin, and 
the 5 atherosclerotic rabbits which served as controls were killed and the aortas were removed. 
Five normal rabbits were also killed and the aortas were used as controls. The degree of 


atherosclerosis Was estimated grossly and microscopically. 


After gross and microscopic examination, the remaining 


y portions of the aortas were 


dried and analyzed for cholesterol, phospholipid phosphorus, and total fat content. 





Fig. 1 Normal rabbit aorta. (Gross photograph. ) 


RESULTS AND DISCUSSION 


Infusion of synthetic LD. alpha (dimyristoyl) lecithin into atheroelerotic 
rabbits resulted in a transient rise of blood cholesterol and a rise of lipid 
phosphorus (Table IL). A gradual reduction of the hematocrit was noted after 
infusion. 

At autopsy, the normal animals exhibited aortas which were eompletely 


free of arterioselerotie change (Fig. 1). Histologic examination of these aortas 
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Fig. 2. ( Photo- 
micrograph; magnification «60.) 

Fig. 3.—Kabbit aorta showing 
cholesterol diet. (Photomicrograph ; 


Normal rabbit aorta showing complete absence of atheromatous plaques. 


severe atheromatous plaque formation 


produced by high 
magnification x60.) 


confirmed complete absence of arteriosclerotic change (Fig. 2). In the aortas 
produced, atheromatous 
The plaques presented the customary 
vellow, elevated appearanee and covered approximately 50 per cent of the 
intimal surface of the aortas. 


in which atherosclerosis had been experimentally 
plaques were abundant and conspicuous. 


Their incidence was considerably greater in the 
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Fig j Aorta of atherosclerotic rabbit showing complete resolution of atheromatous plaques 
caused by 5 infusions of LD. alpha lecithin (Gross photo.) 





Fig. 5 Rabbit aorta showing complete resolution of experimentally produced atheroma- 
tous plaques This resolution was produced by 5 infusions of L,D. alpha lecithin (Photo 
micrograph; magnification 60.) 





Fig. 6 Rabbit aorta showing marked resolution of atheromatous plaques after infusion of 
L,D. alpha (dimyristoyl) lecithin (Gross photo. ) 
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areh and deseendine thoracic portions of the aortas than in the abdominal 
portion. In the arches the plaques covered nearly 90 per cent of the intimal 
surface.  Mieroseopie sections of these aortas (Fig. 3) showed the thickness 
of the plaques to be one half to one third the total thickness of the aortie wall. 
The plaques were composed of numerous histioevtes possessing granular 
evtoplasm. In many instanees these histioeytes extended into the deeper layers 
of the aortie wall. 

The aorta of one animal in whieh experimental atheroselerosis had been 
produced, and which had reeeived 5 infusions of L,D. alpha (dimyristoyvl 
lecithin, showed total absenee of identifiable atheromatous plaques (Fig. 4). The 
intima Was smooth and glistening. The vessel walls were elastic and did not 
appear to differ in any respect from the aortas found in normal animals. This 
complete resolution of atheromatous plaques was further substantiated by 
histologic examination (Fig. 5). A second selerotie rabbit which also reeeived 
D infusions showed very striking resolution oft the plaques; however, a few stiil 
remained (Fig. 6 





Figr. 7. Rabbit aorta taken from. killed control animal at the end of the experiment 
showing experimentally produced atheromatous plaques still present. This animal did not 
received lecithin infusions, ((iross photo.) 


Because of teehnical difficulties, one rabbit: received only 4 infusions and 
two rabbits received 3 infusions each. The aortas of these rabbits also showed 
distinet resolution of the atheromatous plaques; however, they did not return 
completely to normal. In these aortas the degree of resolution appeared to be 
roughly proportional to the amount of lecithin which had been infused. The 
total number of plaques was diminished. The color of the remaining plaques 
changed from yellow to white, and there was marked reduction in the total 
thickness of the remaining plaques as contrasted to the plaques in the untreated 
sclerotic aortas. 

Two control rabbits, whieh had been rendered arteriosclerotie, were killed 
at the end of the experiment. These displaved very prominent atheromatous 
plaque formation (Fig. 7) with no indieation of resolution. Thus, the resolu- 
tion of atheromatous plaques was not merely the result of elapsed time. 

These findines are in general agreement with those found by Friedman 
and his associates using a mixture of soybean phosphatide. The question re- 


mains: is lecithin the only active component in the mixture of naturally 
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occurring phosphatides capable of dissolving atheromatous plaques? The in 
vestigation of other members comprising the soybean phosphatide mixture 1s 
under way in this laboratory. 

No. striking difference was noticed between the cholesterol content of 
lecithin treated rabbit aortas and atherosclerotie control rabbit aortas (Table 


TABLE ILI. Errect or INFUSION or L,D. ALPHA (DiIMyRISTOYL) LECITHIN UPON CHOLESTERO! 
CONCENTRATION OF RABBIT AORTA 


WEIGHT OF DRY CHOLESTEROL LIPID PHOSPHORUS 
KABBIT (NO, INFUSIONS AORTA (MG, AW, W/ 
{the rosclerotic Rabbits (Untreated). 

l “SO 1.60 

2 375 3.40 0.086 

3 382 $.10 0.066 

} ISS 6.49 O09 

5 360 6.54 0.0638 


{the rosclerotic Rabbits Treated With LD. tIpha (Dimyristoyl) Lecithin. 


6 3 210 DAO 

7 : 250 6.90 0.125 
S 4 955 8.80 0.087 
9 D 382 0.35 0.046 
10 5 250 1.62 0.053 


Vormal Control. 


1] 112.5 O85 
12 357 O31 
13 957 0.33 
14 178 O.47 
15 G00 0.47 


SUMMARY 


The effect of intravenously infused synthetic L.D. alpha (dimyristoy! 
lecithin was studied in the aortas of five rabbits with experimentally indueed 
atheroselerosis. : 

A gradual inerease in blood cholesterol concentration and a signifieant drop 
in hematoerit value followed the intravenous administration of the leeithin 
emulsion. These infusions appeared to effeet a marked resolution of atheroma 
tous plaques of rabbit aortas as compared with atheroselerotie control rabbits. 


We wish to express our thanks to Mr. M. Kunstman for the preparation of L,D. alpha 
dimyristoyl) lecithin. 
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THE EFFECT OF ENDOTOXIN (SERRATIA MARCESCENS) UPON 
THE SYSTEMIC, PULMONARY, AND CORONARY TLEMODYNAMICS 
AND METABOLISM OF TILE INTACT DOG 
GEORGE M. MAxXweuui, M.D., M.R.CLP., Cesar A. Castinto, M.D... CHartes W. 
CrUuMpTON, M.D., Skopa Aronso, M.D... Jack EK. CLirrorp, M.D)., 


AND GEORGE GG. Rowe, M.D.* 
Mapisox, Wis. 


The cCaronde / h ood flo and myocardial crtrac tion rates we ‘ studied val 
infact dogs during the shhoclhlilce state induced by cndotorin of Serratia mar- 
COSCENS. The hypotens state was accompanic d hu chanacs in aeneral me 
faholism, cardiac output and cardiac work, and circulatory dynamics equi alent 
lo those obse doin hemorrhaadic shock. There was a decrease in coronary blood 
fleri and cardiac efficiency associated with an inercase in’ myocardial oxrugen 
ertraction. Kb. 


Hk EFEECT of endotoxin upon the animal and human has been studied 

for many vears. This substanee has been implicated in the **shoeklike’” state 
Which results from the transfusion of contaminated blood,’ * and has been 
shown to have an effeet upon the growth of experimental tumors.’ Most authors 
agree that depression of the blood pressure is a usual response, and is found 
In a wide variety of animals.' The subjeet has been reviewed in recent years 
by Burrows’ and Thomas.’ 

Little information, however, appears in the literature concerning the effects 
of these substances upon the coronary circulation and myocardial metabolism 
of the intaet animal. Therefore sueh a study, utilizing the endotoxin of Serratia 


marcescens (Bacillus prodigiosus) was designed; the results are now presented. 


MATERIAL AND METILODS 


Might dogs, unselected by age or sex, and weighing between 15 to 25 kilograms, were 


used im this study. \ll appeared in eood health at the time of study. 

The animals were premedicated with morphine sulphate (3 mg. per kilogram) injeeted 
subcutaneously. This was followed in 1 hour by the intravenous injection of Dial-urethanet 
Nembutal (50:50 mixture) in a dose of 0.25 ml. per kilogram. 

Cardiac catheters were placed fluoroscopically in the right atrium, pulmonary artery, 
and coronary sinus. A Cournand needle was placed pereutaneously in the femoral artery. 
Pressures were measured in these sites (except coronary sinus) by Statham strain gauges, 


and recorded on a “Poly-Viso.” One hour after the intravenous anesthetic was given, cardiac 
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output was measured by the Fick principle and coronary blood flow by the nitrous oxide 


saturation method. The general method used and the reproducibility thereof have already 
heen reported from this laboratory.7.5 Twenty minutes after completion of the control 
measurements, endotoxin (SS. marecscous, Difeo) was injeeted rapidly into the right atrium. 


The dose used was 1.5 mg. per kilogram. Cardiae output and coronary blood flow were re 


measured within 5 minutes of the injection; the total “experimental” period 


| was 25 minutes. 


On completion of the experiment, the heart was removed, and the left coronary ecireula 


tion was injected with T1824 or indigo-carmine dve; the weight of the stained heart was used 


to ealeulate cardiae efficiency by the aecepted method. The animal’s temperature was meas 


ured in the nasopharynx before and after the injeetion., 


RESULTS 

All figures in the tables are group means with standard deviations. 
Analysis was done by the Student “t” test, “significance” being accepted at the 
» per cent level. It is implicit that “statistieal” and “physiologic” significance 
are not interchangeable terms. 

The immediate effeet of ‘the endotoxin upon the pressures of the dog is 
exemplified in Fig. 1, which shows a rapid fall in mean femoral and right atrial 
pressures; an early rise in pulmonary arterial pressure is followed by a return 
to control level. The heart rate increases. These changes occurred in each dog, 
and persisted for at least 40 minutes after the injeetion—appreciably longer 
than the period of study proper, 

The changes in general metabolism are presented in Table I. Minute re- 
spiratory exchange is maintained, but oxveen consumption and carbon dioxide 
production deerease. The “whole-body oxygen” extraction inereases, and 
significant changes in earbon dioxide values are found, 

The pressure work changes (Table I1) show a decrease in eardiae output; 
cardiae acceleration then markedly reduces stroke volume. The pressure 
changes noted in Fig. 1 persist, so that left and right ventrieular works de- 
crease, but caleulated peripheral and pulmonary resistances increase. Coronary 
hemodynamics and myocardial oxygen and earbon dioxide metabolism are 


shown in Table IIT, whieh demonstrates that coronary flow decreases in parallel 


TABLE I. ENbDOoTOXIN 


GENERAL METABOLISM 


FACTOR CONTROI EXPERIMENTAI 
Respiratory volume (1../min. ) 27 + G5 2.9 = 0.7 
Respiratory rate/min. 144+5 16 +8 
Tidal volume (ml. 200 + 71 203. = 70 
Oxygen consumption (ml./min. 103 + 18 68 + 17 
Carbon dioxide production (ml./min, 85 + 17 61 + 10 
Respiratory quotient O.82 + 0.04 0.90 + 0.08* 
Arterial oxygen content (vols. %) 16.7 + 2.4 16.7 223 
Mixed venous oxygen content (vols. % 373 = 33 9.2 * 3.4" 
A Arterial-mixed venous oxygen (vols. % 10 + 0.8 7.0219 
Mixed venous earbon dioxide (vols. % 54.2 + 6.0 o2.1 = 7.0" 
Arterial earbon dioxide (vols. % 50.8 + 6.6 16.0 + 9.0 
A Mixed venous-arterial carbon dioxide aa 2 22 6.0 + 2.8 


Figures are means plus or minus standard deviations 
*p value 0.05 or less 
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with the deerease in aortie pressure so that coronary vascular resistance 
remains substantially the same. Cardiae oxygen extraction inereases as does 
eardiae carbon dioxide diffusion. However the changes cited, when compounded 
with the deerease in coronary blood flow, do not give a statistically signifieant 
decrease in eardiae metabolic rates for these two (O. and CO,). The eardiae 
oxygen consumption directly determined from heart weight also fails to achieve 
a statistically signifieant change. There is a marked deerease in’ cardiac 


efficiency whether assessed directly from cardiac weight, or on an index basis. 


Femoral Artery 








hae 


me an 125 eoen 45 


Right Atrium 
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mean 15 | ‘mean 13 
Rate 95/min. Rate 159/min. 


Fig. 1.—Immediate effects of injection of endotoxin, 1.5 mgm. per kilogram, into right atrium. 
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DISCUSSION 


No variation in the animal’s temperature was recorded, perhaps because of 
the relatively short period over which the experiment was conducted. No 
evidence of tachypnea or increased minute volume of respiration occurred; this 
may be related to the maintenance of the body temperature at control values. 
The reduction in oxygen consumption and earbon dioxide production is evidence 
of interference with cellular metabolism, at least partly caused by the reduction 
in eardiae output as found in hemorrhagie shock.” The reduetion in earbon 
dioxide production is relatively less than that of oxygen consumption, so that 


TABLE Il. ENpboroxIn 


PRESSURE AND WORK RESPONSES 


FACTOR CONTRO EXPERIMENTAI 

Cardiae output L../min. Sa tt 6S O09 + O.4 
lleart rate/min. Si = is 160 + 26 
Stroke volume/ml. ae 2:8 6+ 4 
Right atrial pressure (mean, mm. Hy a * 16 ao = OD 
Femoral blood pressure (mean, mm. Ig 11s = 10 69 + 17 
Pulmonary arterial blood pressure 

mean, mm. Hg ia > i 2 + 3 
Left ventricular work (Kg./M./min. $0 + 0.8 0.9 + 0.5 
Stroke left ventricular work (Gm./M. ‘min. 9 + 9 q@*s5 
Right ventrieular work (Ke./M./min. 0.5 + 6.1 O.1 & ©.) 
Caleulated peripheral resistance 

dynes/em.-5/see, 3,000 + 730 6,262 + 1,800 
Cali ulated pulmonary resistance 

dynes/em,-5/see, d07 + 120 1,242 + 380 


Figures are mean plus or minus standard deviations 


p value O.05 or Ie 


rABLE IIL. ENDOTOXIN: CoRONARY HEMODYNAMICS, CARDIAC O. AND CO, METABOLISM, AND 
CARDIAC EFFICIENCY 


FACTOR CONTROL EXPERIMENTAL 

Coronary blood flow 

ml./100 Gm. myocardium ‘min. 100 + 26 52 + 33 
Coronary flow/beat (ml1./100 Gm./min. Le = 62 0.3 + 0.2 
Ratio, coronary flow/left ventricular work 2a = 7 69 23 
Coronary vascular resistance (units it = G32 1.3 + 0.3 
Coronary sinus oxygen (vols. % 6.0 7 14 a4 = ES 
A Arterial-coronary sinus oxygen (vols. % 10.6 + 2.4 15.0 + 2.0 
Coronary sinus earbon dioxide (vols. % 58.5 t 70 51.8 = 70 
A Coronary sinus-arterial carbon 

dioxide vols. % Sa * 25 i3.6 = 23° 
Cardiae respiratory quotient 0.82 + 0.03 0.90 + 0.07" 


Cardiae metabolie rate-oxygen 


e.c./100 Gm. heart/min. 10.2 + 1.8 1.4 © 3D 
Cardiae metabolie rate-carbon dioxide 

(ml1./100 Gm. heart/min. 8.4 + 1.7 7.0 + 1.6 
Cardiac oxygen consumption} 

(m1./100 Gm./min.) 9.7 + 2.4 i. = 2At 
Cardiae oxygen consumption/beat } 

(ml./100 Gm. /min. Le * O02 04-2 ¢.3° 
Index of efficiency (L. V. work/CMRO 0.38 + 0.08 0.12 * 0.05" 
Cardiae efficienev} (% 20 + 6 e+ 3 


Figures are means plus or minus standard deviations 

*p value 0.05 or less. 

tp < 0.1 0.05 

{Derived from wet weight of left ventricle. Mean left ventricular weight 95 grams; 
range 76 to 109 grams. 
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respiratory quotient (exehange ratio) must iInerease, The increase in oxygen 
extraction closely parallels the findings in shock from other causes, e.g., hemor- 
rhage.” The parallel extends to the pressure work responses; decrease in femora! 
mean pressure, cardiae output, and right atrial pressure and increase in heart 
rate are characteristic of hemorrhagie and other types of shock." '’ The rela- 
tively greater decrease in cardiac output as compared to systemie and pulmo- 
nary blood pressure changes leads to an inerease in the caleulated resistances 
in the greater and lesser circulations. Similar results have been reported after 
injeetions of other types of toxin (e.g, those of the meningococeus'! and 
Clostridium oedemations 

Although it is known that some bleeding into the gut occurs after the in 
jection of endotoxin® autopsy in several of the animals studied revealed that 
this was of minor degree. Blood volume studies in dogs injected with meninge 
coceal toxin showed little change."' It is likely, therefore, that hemorrhage 
plaved only a minor part in causing the aforementioned changes.  [t is likely 
that one of the primary causes is stagnation of the blood in the small vessels, 
much of which oceurs in the splanchnic bed.’* Most of the ehanges noted in 
Tables [ and Il are similar to those reported by other authors for different 
endotoxins, and are analogous to the phenomena whieh occur in shoek from 
hemorrhage or other cause.” ™ 

The decrease in coronary blood flow is profound, and associated with an 
increase in eardiae oxygen extraction. The resultant cardiac metabolic rate fer 
oxygen shows a strong, but statistically insignificant (p < 0.1 > 0.05) trend 
to reduetion. Similar changes in the eardiae metabolism of carbon dioxide 
appear. The inerease in eardiae respiratory quotient parallels that of the 
Whole animal. The marked deerease in left ventricular work is out of propor- 
tion to that of eardiae oxygen consumption, so that heart efficiency declines. 
Some of this latter change may be attributed to the concomitant tachveardia—ot 
itself known to deerease cardiae efficiency.” The decrease in oxygen consumption 
per beat is parallel to the decrease in left ventricular stroke work, and to the 
change in coronary flow per beat. These changes closely resemble those found 
in similarly prepared dogs made hypotensive with meeamylamine,'t or by the 
epidural injeetion of proeaine.’? With minor deviations, it is also the pattern 
of a study of coronary hemodynamics and myoeardial metabolism in dogs suffer- 
ing from hemorrhagie shock.'® It has been said that coronary blood flow or 


cardiae oxygen usage will vary with eardiae output,’’ or with left ventricular 


work.'> The factors mentioned all decreased, so that the correlation coefficients 
were significant, viz... cardiac output: coronary blood flow R O.S11: lett 
ventricular work: cardiae oxvgen consumption R 0.62. The association 


of heart rate times mean arterial blood pressure and cardiae oxygen consumption 
recently propounded'’ could not be fulfilled in this study, in whieh R 0.08 


for the two variables. 
SUMMARY AND CONCLUSIONS 


1. The endotoxin of Serratia marcescens causes a hypotensive state which 


is similar to that which follows the injection of other endotoxins. 
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2. This hypotensive state is equivalent to that which occurs in hemorrhagic 


shock, in terms of the changes in general metabolism, pressures, and heart work. 
3. There is a decrease in coronary blood flow and cardiac efficiency associ- 
ated with an inerease in cardiae oxygen extraction. These changes are charae- 


teristic of those which follow profound hemorrhage. 
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ALPHA.-TYPE MULTIPLE MYELOMA 
M. A. ATaAMER, M.D.,* anp ALBERT A. Dietz, Pu.)D.** 
ToLepo, O10 


{ case of multiple mucloma is described in which the a.-globulin re prese nts 
23 to 32 per ce nt of the serum p oteins. Over half of the sternal bone marrow 
cells were myeloma cells with large, spongy, vacuole-containing cytoplasm, further 
characterized bu an ecrcentric localization of the nuele?. Some of the eclls con 


tained Russell bodies, and others containcd multiple Hite let. In addition, the 


patient excreted 3.56 to 9.35 Gm. pet day of paraprotem of the Bene Jones 
type. The “rinary prote ‘i was isolated by dialysis and its propert (s were 
studied. The urinaru paraprotein was quite homogencous by clectrophors sis and 
ultracentrifugation, and had a mobility of 44 10 em per sccond pei olt 
and a sediment constant of 3.06 Svedbera units. The mobility of the urinary 


paraprotein by both paper and free electrophoresis was between the a, and 
a,-globulins. The combination of ai inercascd as dlobulin in the scerun and 
a urinary protein with the mobility of a.-globulins is ry rare, The clinical 
findings of this case are compared with those reported in the literature for cases 


of a.-myelomatosis. 


HE EXISTENCE of mvelomatosis with elevated a.-globulin has been ques 

tioned.’ This may be due to the rarity of the abnormality and the difficulties 
in evaluating the specificity of the a.-globulin inerease, This component of the 
serum proteins has been found elevated in neoplasia, infections, and many 
other diseases. Owen and Rider? restrieted the classification of the a.-type 
myelomatosis to those eases In which a.-globulin exeeeded 20 per cent of the 
total serum protein. This may be used as a criterion in uncomplicated cases 
of myeloma. The paraprotein in multiple myeloma usually shows a character- 
istic narrow, homogeneous electrophoretic band. The immunochemical experi- 
ments of Morton and Deutsch’ indicate that neither the serum nor the urine 
paraprotein is a normally occurring protein. They found that the urinary 
paraprotein in patients with multiple myeloma is more closely related to the 
serum paraprotein of the same patient than to the paraproteins of other patients 
or to normal gamma globulin. 

Since Wuhrmann and coauthors’ deseribed the a.-globulin myelomatosis, 
additional eases reported upon have been recently reviewed by Owen and Rider.’ 
In these cases the a.-myelomatosis was in no instance associated with a.-type 
Bence Jones proteinuria. The case reported here has many interesting aspects, 
including the migration of the urinary paraprotein in the range of the as- 
globulins. The urine paraprotein was of the Bence Jones type. Some of its 
physical properties are described. 
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MATERIAL AND METILODS 


Case Report.—The patient, a 68-year-old white woman, entered the hospital in July, 
i957, with a history of a 20 pound weight loss over a period of 6 months whieh was followed 


by an upper respiratory infection, She complained of increasing fatigue and melena on 
several occasions. On admission she was found to be chronically ill and extremely pale. The 


only abnormal clinical finding was a moderate he 


patosplenomegaly. The blood pressure was 
140/90 mm. Hey. 


Laboratory tests revealed that she lad oa hypochromice, microeytic anemia with an 


erythrocyte count of 1.75 miliion and hemoglobin of 4.5 Gm. Leukocytes were normal in 


number and type. Other findings were as follows: blood urea nitrogen 36.5 mg. per cent; 


serum proteins 7.5 Gm. with a normal albumin : globulin ratio; urine specific gravity 1.008 
With 3 plus proteins; x-ray of the lower gastrointestinal tract showed diverticulosis; and 
upper gastrointestinal studies revealed a defeet which suggested a duodenal ulcer, 


One month later, a sternal marrow examination showed that over 50° per cent of the 
eells were myeloma cells. They were characterized by large, spongy, vacuole-containing 
evtoplasm and a few cells which contained Russell bodies. The cells were further character 
ized by an exeentrie localization of nuclei, and in 


Fig. 1 


some instanees multiple nuclei were present 


A survey of the bone structure showed generalized Osteoporosis and oan compression 
fracture of the fourth dorsal vertebra, but no definite Ivtie lesions could be found, 
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Fig. 1 Photomicrograph of sternal bone marrow 


The serum contained 6.05 Gm. protein with a normal albumin : globulin ratio as detet 


mined by the precipitation of globulins with sodium sulfate. By 


albumin was 45 per eent; a,- 6 per cent, a,- 23 per cent, 


paper electrophoresis the 


B,- 10 per cent, B.- 9 per cent, and 
gamma globulin was 7 per cent of the total protein, giving an albumin : globulin ratio of 
U.S2. Other pertinent findings included: 5) 


blood urea nitrogen 385 mg. per cent, serum caleium 


9.1 mEq. per liter, serum phosphorus 4.2 mg. per eent, serum alkaline phosphatase 17 King 
\rmstrong units, and total serum cholesterol 865 to 400 mg. per cent. At this time the urine 


howed presence of urinary paraprotein, which will be described later. 


The patient was again admitted to the hospital in September, 1957, about 2 months 
after the diagnosis was established. She showed severe renal failure, as evidenced by a 


blood nonprotein nitrogen of 142 mg. per cent, serum creatinine 18 mg. per eent, and CO, 
considerable dyspnea, anemia, and 
vides prend eeclhymosis. The platelet count had dropped to 54,000, 


ombining power 6.9 mEq. per liter. She also had 


She died after generalized 
convulsions in a terminal deep comatose state. She had no evidence of hypertension at 
iny time during her illness. 
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Isolation of the Urinary Paraprotein.—Six 24 hour urine samples were obtained from the 
patient at intervals over a 2 month period, The urine samples were preserved with thymol 
ind used shortly after the end of the collection period. The urine was filtered through 


a Berkefeld N filter to remove cellular debris. Measured volumes were dialyzed 24 to 356 


hours against running tap water in) Visking 1°. inch cellophane tubing, The tubes were 
tied to a meehanieal rocking device during the dialysis to give continuous agitation. The 
final volume was reeorded and total and nonprotein nitrogen were determined. Samples 


were lyophilized and = solutions were prepared from the pooled, dried material for the 
determination of the physical properties. 
The dialyzed residues were analyzed for total nitrogen and nonprotein nitrogen, and 


the daily protein excretion was ecaleulated from the nitrogen times 6.25. 











SERUM 
URINE 
Fig. 2 Paper electrophoresis of serum and urine proteins. Electrophoresis for 16 hours 
it 2° C. in acetate-NaCl-Veronal buffer, pH 8.6, ionic strength 0.05, horizontal table The 


origin was at o 


RESULTS 

The daily exeretion of the protein varied between 3.56 and 9.55 Gm., 
average 5.5 Gm. The low methionine concentration found in’ Bence Jones 
protein by Putnam and Miyake*° prompted the administration of methionine 
to determine if this chemical might have an effect on the excretion of the 
paraprotein in the urine. The highest paraprotein exeretion was observed 1 
week after the patient had been given 3 Gm. methionine per day, orally. 
If the nitrogen analysis given by Sehrade and co-workers’ of Bence Jones 
proteins apply to this preparation, the total protein solids excreted would be 
6 to 10 per cent higher. About 5 per cent of the nitrogen in the well-dialyzed 
urinary paraprotein was not precipitated by 10 per cent trichloroacetic acid. 

Paper Electrophoresis —The serum and urinary proteins were compared 
by paper electrophoresis. An LAB horizontal cell* was used and the separa- 
tion was carried out at 3° C. in aeetate-Veronal buffer, pH 8.6 and ionie strength 
0.05. This method normally gives 2 B-globulins. The results of the scanning 


*LKB-Produkter, Sweden. 
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of the paper electrophoretic strips of the serum and urine are superimposed 
in the upper part of Fig. 2.) It will be noted that the paraprotein of the urine 
was about 95 per cent homogeneous and it migrated a little faster than the 
serum a.-globulin. No albumin could be deteeted. The urinary paraprotein 
could be stained with ninhydrin. The total protein of the serum had a normal 
value of 6.05 to 7.5 Gm. per 100 ml. and in 10 serum samples analyzed 1 to 
1.5 months before death the a.-globulin represented 23 to 32 per cent of the 
total protein. A typical analysis as given in the elinieal data shows an 
increase in a.-globulin with a deerease in gamma globulin. A further analysis 
of the eleetrophoretie strips indieated that the mobility of the B-globulins 
of the serum is slower than found for normal serum, as the Ry of the B, and 


B. peaks is 36 and 30, respectively (normal is 40 and 33 by the method used). 





—_ 


Fig. 3 Electrophoresis of the urinary paraprotein Photographed after 13,629 seconds’ 
migration at 1° C. in Veronal buffer, pH 8.6, ionic strength 0.1, at a current of 20 Ma. Ascend- 
ing boundary on the left and descending on the right The photograph was supplied by Dr. 
Frank Putnam 











Fig. 4.—Sedimentation diagram of the urinary paraprotein The analysis was in 0.1M 
sodium chloride; photographs were taken at 32 minute intervals at a rotor speed of 59,780 
rpm. The photograph was furnished by Dr. Frank Putnam. 


Electrophoretic and Ultracentrifugal Studies.—A sample of the lyophilized 
Benee Jones protein was submitted to Dr. Frank W. Putnam* who studied 
it by free electrophoresis and ultracentrifugation. Both methods showed the 
Jence Jones protein to be quite homogeneous. The results of the electrophoresis 
are shown in Fig. 3, from whieh the mobility of -4.6 x 10-5 em.? per seeond 
per volt was ealeulated—whieh is about midway between a,- and a,-globulins. 
In the ultracentrifuge (Fig. +) the Bence Jones protein had a sedimentation 
constant of 3.36 Svedberg units. Putnam® pointed out that these values cor- 
respond closely to the value he reported for his protein-A. 

Putnam found that the urinary protein acted as a typical Bence Jones 
protein. The optimum pH for precipitation in 0.1 ionie strength buffer on 





*University of Florida, Gainesville, Fla. 
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heating at 60° C. is 4.6, at whieh value 87 per cent of the protein precipitates. 
Practically no protein precipitated at pll 7. Putnam further submitted a 
sample of the Bence -Jones protein to Dr. Leonhard Korngold, who tested it 
by the Ouehterlony agar gel diffusion method* and found it immunologically 
homogeneous but of the ‘‘atypieal type <A.’ 


DISCUSSION 


In most of the reports covering the a -Ivpe nivelomas, no reference is made 
to the type of protein in the urine. The urine protein may be Bence Jones 
protein as a single entity or a mixture of normal and abnormal protein. 
Snapper and coauthors,” reviewing the urinary findings in 97 patients, showed 
that 90 per cent of them had albuminuria. Only 48 of 97 patients had Benee 
Jones proteinuria. 

Snapper and co-workers” reported » eases OL a.-type mvelomatosis. Two 
of the patients had Bence Jones proteinuria, but the characteristics of these 
urinary proteins were not given. 

Sandkiihler and Hugentobler'’ reported upon a number of eases with 
elevated a-globulins in the serum. A reealeulation of their values shows only 
one patient with an a-globulin coneentration of over 20 per cent and the 
Bence Jones protein migrated between the beta and gamma globulins. Their 
other patients with increased serum a-globulin also showed inereases in other 
serum globulin fractions, but in no ease was the paraprotein of the urine in 
a -globulin range. 

Osserman and Lawlor'! gave perhaps the most comprehensive report on the 
relation between the paraproteins in the serum and urine. In most cases, 
where the abnormal proteins were present in both fluids, the paraprotein = in 
the urine migrated faster than it did in the serum. They found one case 
in which the abnormal urinary protein migrated as an a.-globulin, but the 
serum showed a beta type myeloma protein. In the case of a.-myeloma of 
Owen and Rider, the protein in the urine was in the gamma migration range. 
This patient also had the other components of serum in the urine. 

In other reports of as-myeloma no reference to urmary proteins was 
given.’*"'* In no ease that we found reported in the literature has an a.—Benee 
Jones protein been associated with a.-type serum pattern. Actually, the 
Bence Jones protein in our case moved a little faster than the a.-serum globulin 
as is shown in Fig. 2 and ealeulated from the results shown in Fig. 3. 

As Putnam pointed out, in our case the Benee Jones protein could be the 
abnormal myeloma protein in the serum. However, in no ease has the metabolic 
relationship of Bence Jones protein to myeloma protein of serum been estab- 
lished. An exeellent review by Putnam'> suggests that Benee Jones protein 
is an abortive produet of globulin synthesis. Accumulating evidence indicates 
sence Jones proteins excreted by different patients are not identical. 

A number of attempts have been made to correlate the type of as-para 
protein, the total serum protein concentration, the type of myeloma cells, and 
the prognosis. As the number of reported cases of elevated a.-globulins in 


myeloma inereases, exceptions to previous classifications are found. Owen 
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and Rider? discussed several of the exceptions. They suggest that their finding 
of a normal cholesterol value in their patient might be of value in the differ 
ential diagnosis between a.-myelomatosis and the nephrotic svndrome. The 


high cholesterol level in the present case would not favor this sugwestion. 


SUMMARY 


1. A case report of a patient with a.-type myelomatosis is presented. 
2. Bence Jones protein found in this case is relatively homogeneous. No 
albuminuria has been demonstrated. The Benee Jones protein was found to 
have a mobility of 4.6 . 10° em& per second per volt, which is slightly 
faster than as-serum component. The sedimentation constant was 3.36 Svedbere 
units. Immunologically it appeared to be “‘atypieal type AL? 


$3. The relationship of myeloma protein to Bence Jones protein is discussed. 
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SECRETION AND METABOLISM OF CORTISOL AFTER 
INJECTION OF ENDOTOXIN 
JAMES C. Meipy, M.D.,* Ricuarp H. Ecpanz, M.D., Pu.D..** Anp 
WESLEY W. Spink, M.D. 
MINNEAPOLIS, MINN. 


Th adrenal scercto uoadet ty hich follows the intravenous rianjection.§ of 
ndotorins of aram-neaat bact Th } purogent and lethal doses was dete) 
mined buy the direet measurement of cortisol in the efluent of the cannulated 
lumboad re nal / of th dod. Sueh mm jpections P oduced a apid nCTCaASE mn 
cortisol content, of the same ord of maagnitud: as the adrenal scerctory respous 
loa la ‘le nrraveno \ dose of ‘roacnous corticot opin. 7 he secretory re Sponse 
of the canine adrenal to ¢roacrnous co hicotrop n was diminished after the intra 


(HOUS niection of a lethal dose of ndotorin, Hypophysectomy abolished the 

adrenal sceerctory ES pPonse to niccted endotoxin. Under the conditions of this 
study, intra HOUS niections of endotorin did not produce adrenal secretory 
failure, Detcrmination of bioloaic half-time of exogenous cortisol indicated 
delayed removal of cortisol from the plasma of doas which reeeived a lethal 
Os of endotorin:g but in dogs which received a PUrode ne dose of cndotorin 
the elevation of plasma cort sol appea cd to be due solely to an inereased adrenal 
secretion.— Eb. 


ERIPHERAL cireulatory failure caused by endotoxin is frequently observed 
in patients who have infections caused by gram-negative bacteria.t An 
association of cireulatory failure caused by infeetion with acute adrenal in- 
sufficiency has been postulated sinee the original reports of Waterhouse® and 
Friderichsen.’ However, a deficieney of adrenocortical function has not been 
proved by the measurement of adrenal secretory products or their urinary 


») 


metabolites, Data on 22 patients with severe infections complicated by cir- 


eulatory collapse have been documented and in all of the patients the peripheral] 
blood levels of cortisol were elevated above those of control subjeets.4 The 
significance of an elevated level of plasma cortisol cannot be assessed without 
information on the rate of removal of the steroid from the plasma or the 
rate of adrenal production. Urinary metabolites of cortisol may reflect adrenal 
secretion, but interpretations of these measurements are subject to wide error 
under conditions in which altered renal and hepatic funetions are present. 
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The response to corticotropin as measured hy changes in the coneentration 
of plasma cortisol suggests continued integrity of adrenoeortical function, but, 
for reasons already cited, does not indicate the magnitude of the response in 
patients in shoek eaused by infection. In an attempt to seeure this information, 
cortisol in the adrenal venous blood of dows was measured after the animals 
were subjected to endotoxin shock. The principal el yveocorticoid oft the canine 
adrenal cortex is cortisol.” Insertion of a cannula into the lumboadrenal vein 
of the dow and the colleetion of the total adrenal venous effluent provides a 
direct and specifie method for the evaluation of adrenal secretory activity. 

It has been established that a single injection of a large dose of endotoxin 
into mature experimental animals regularly results in fever, shoek, and death.’ 
Weil and associates* have shown that an intravenous injection of a lethal dose 
of endotoxin into the dow is followed by a predietable and reproducible char- 
aeteristle SECUCTICE of events. Therefore, since the experimental conditions 
were reproducible and adrenal seeretory activity could be measured directly, 
the assessment of the effeet of endotoxins on adrenocortical function was 


carried out in the adult dog. 


MATERIALS AND METIIODS 


Sixty-eight: adult mongrel dogs ranging from 6 to 26 kilograms in weight were used 
n this study. All of the animals were anesthetized wit! pentobarbital sodium (30 mg. per 
kilogram) before they were subjected to experimental proceedures, \ permanent polyethylene 
eannula was placed in the right lumboadrenal vein of 40 of the dogs according to a technique 
described by Hume and Nelson.’ This preparation permits intermittent collection of the 
total venous effluent of the right adrenal gland. Adrenal venous blood was collected for 5 
minute periods at varying intervals; the cannula was filled with 4 per cent heparin contained 
in physiologic saline solution between the periods of collection, Experiments were carried 
out 18 to 24 hours after the cannula had been inserted, Peripheral blood specimens, obtained 
from the femoral vein by means of a polyethylene catheter of small gnuge, were heparinized 
and the erythrocytes were separated from the plasma within 30 minutes, The samples were 
frozen and plasma cortisol levels were determined subsequently by a modification of the 


method ( 


f Silber and Porter,!¢ as deseribed by Wu and Mason.!! This method is specific 
for steroids having the 17,21-dihydroxy-20-keto configuration which includes cortisol, cortisone, 
11-deoxycortisol, and their A-ring reduced derivatives. Of these, only cortisol exists in the 
plasma in significant concentrations,' 

Purified endotoxin of the Boivin type derived from Eschirichia coli and prepared by 
the method of Spink and Anderson!2 was administered to dogs in a dose of 1.0 mg. pet 
ilogram. A single injection uniformly produced profound shock and eventually death. 
In 12 dogs a nonlethal dose (0.002 mg.) of a lipopolysaccharide derived from Salmonella 
thortus equi (Pyrexal) was administered intravenously; this did not produce shock but did 


awuse & pyrogenic reaction, 


EXPERIMENTAL PROCEDURE 


1. After collection of a sample of adrenal venous blood, each of 7 dogs received a 
thal dose of EF. coli endotoxin injected intravenously. Adrenal venous effluent was colleeted 
t 30 and 120 minutes after the injection. The specimens were analyzed for cortisol and the 
itput of cortisol from the right adrenal gland was then calculated by the formula: 
irtisol (micrograms per milliliter of plasma) times adrenal venous blood flow rate (milliliters 


‘r minute) divided by 2* equals output (micrograms per minute 


*The figure 2 is derived from the mean hematocrit value of 50 per cent 
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After control specimens were obtained, an injeetion of 0.002 mg. of endotoxin (Pyrexal ) 


was given to each of another 6 dogs, and subsequent samples of blood were colleeted from 


the adrenal vein at 5, 30, 60, 120, and ISO minutes. A rapid injection of 25 U.S.P. units 
of corticotropin® was given to each of 38 dogs after a control sample was obtained via the 
cannula in the adrenal vein. Specimens collected at 30, 60, 90, 120, and 180 minutes after 


the corticotropin injection were treated as aforementioned, 


9 


2. Ten dogs with adrenal vein cannulas were rapidly 


given an injection of 15 U.S.P. 
units of corticotropin after control specimens were obtained. Samples of blood from = the 
adrenal vein were taken at 5, 10, and 120 minutes after the injection. Within the next 


30 minutes a lethal dose of EF. coli endotoxin was administered in a single injeetion, and 
blood was collected from the adrenal vein 5, 60, 120, and ISO minutes afterward. At IS5 
minutes after the administration of endotoxin a second injection of corticotropin was 
administered, and samples were taken at 5 and 10 minutes. This same procedure was 
followed in 7 dogs a few hours after they had been hypophysectomized transtemporally.! 
\nother 7 dogs were given a constant infusion of corticotropin in physiologic saline solution 
at the rate of 0.3 U.S.P. units per minute, Specimens of blood from the adrenal vein 
were collected hourly for 3 hours; within the following 30 minutes a lethal dose of endo 
toxin was administered intravenously and samples were obtained at 5 minutes, and 1, 2, 


and 3 hours thereafter. 


In order to determine the rate of removal of exogenous cortisol from the plasma, 
an intravenous injection of cortisol, as the succinate ester dissolved in 2 ml. of distilled 


Water,f Was given in a dosage of 5 mg. per Kilogram (as cortisol) to 10 normal anesthetized 


dogs, to 6 dogs after an injection of a pyrogenic dose of endotoxin (0.002 mg.) had been 
given, and to 7 dogs who had received lethal doses of FE. coli endotoxin 1.0 my. per 
kilogram intravenously. Samples of peripheral femoral venous blood were obtained 


immediately before the injection of the cortisol sodium sueeinate and at 30, 60, 90, 120, 
and in some, at 180 minutes thereafter. Plasma eortisol concentrations were determined 
as described. The sodium succinate ester of cortisol was used because it could be given in 
a small volume of diluent within a few seeonds. Hydrolysis of the ester is complete within 
15 minutes and the ester is not extracted from plasma by dichlormethane, which is’ the 
extraction solvent used in the determination of plasma cortisol. The disposal of this 
cortisol ester does not differ significantly from cortisol removal rates following infusions 


of cortisol-free alcohol in) man.4 


RESULTS 

A. Adrenal Secretory Response to Pyrogenic and to Lethal Doses of 
Endotorin Compared With the Response to Evogenous Corticotropin.—The 
mean outputs of cortisol from the right adrenal in response to these stimuli 
are shown on the graph in Fig. 1. The basal output of cortisol averaged less 
than 1 pe per minute. Thirty minutes after the injection of corticotropin, 
the output rose to a mean of 8.1 p»@ per minute with a range of 7.5 to 9.5 
ug per minute. After this injection of corticotropin (25 U.S.P. units), the 
values remained elevated at 120 minutes with a mean output of 11.0 pg per 
minute, and a range of 7.5 to 13.2 ne per minute. In subsequent experiments 
in which smaller doses of exogenous corticotropin were used, maximal adrenal 
secretory responses were of shorter duration. In general, the duration 0! 
increased adrenal cortisol secretion was directly related to the dose of exogenous 
corticotropin. After a lethal dose of endotoxin, adrenal secretion of cortisol 


*Sterile corticotropin injection, The Upjohn Company, Kalamazoo, Mich. 
tHydrocortisone sodium succinate, The Upjohn Company, Kalamazoo, Mich. 
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rose to an average of S.9 pe per minute, with a range of 4.1 to 15.7 pe per 
minute; 120 minutes after the injeetion of endotoxin, cortisol output rose 
further to 9.6 pe per minute, with a range of 6.0 to 17.4 ne per minute. 
Thus the adrenal secretory response to a lethal dose of endotoxin was of the 
sume order of magnitude as the response to a large dose of exogenous cortico 


tropin, 
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Kiger. 1 Changes in cortisol output from the right adrenal in the dog after the intra 
enous administration of pyrogenic and lethal doses of bacterial endotoxin and after 


uw single 
njection of corticotropin, 25 U.S.P. units 


The Injection of a }\ rogenic dose of endotoxin, which resulted in neither 
hypotension nor death, inereased the output of cortisol, but to a lesser extent 
than did a lethal dose of endotoxin or exogenous corticotropin. The average 
Inaximum value of 8.9 pe per minute (range 4.0 to 11.2 ne per minute) was 
achieved within 60 minutes after injection; both the rise and the deeline in 
cortisol output were more eradual. Five minutes after the injection of the 
pyrogen, significant Increases in cortisol secretion occurred in only 2 of the 6 
animals tested, but by 30 minutes 4 of the dogs demonstrated a rise in cortisol 
output. During this period the rectal temperature mereased an average of 
0.6 €.. but correlation between cortisol output and fever was erratie, and in 
2 dogs large increments in cortisol production preceded changes in rectal tem 
perature. Tt had been shown previously that the response of adrenal secretion 
o endotoxin is not due to fever per se, sinee the establishment of tolerance to 
the pyrogenic action of endotoxin did not influence the accelerated secretory 
esponse of the adrenal to endotoxin," 
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b. The Tn flu nee of Li thal Dose S of Kndotorin on the Re SPONWse of Adre nal 


Necretion to Exogenous Corticotropin in Intact and in) Hypophysectomized 
Doas. 


1. Intact animals: These data are represented graphically in Figs. 2 and 3. 
In the intact animal the response to the same dose of corticotropin 5 minutes 
after injection varied from 4.0 to 17.5 ve per minute with an average cortisol 
output of 9.5 pe per minute. Two collections at 5 and 10 minutes after in- 
jection of corticotropin were found to encompass maximal responses in most 


of the animals tested. The cortisol output fell toward the base line levels 


after 2 hours to a mean value of 4.4 pe per minute (range, 1.0 to 10.5 pg 
per minute It should he recalled that in does elven a lareer dose ot cortico 
tropin (25 ULS.P. units) in the initial experiments the output of cortisol 
continued at a maximum throughout this period, A jJonger interval between 


the administration of corticotropin and the injeetion of endotoxin would have 


heen hecessaly had the dose of corticotropin not been reduced to 15 units. 
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Fig. 2 Influence of lethal doses of J coli endotoxin on canine adrenal secretion of cortise 
ind the adrenal secretory responsiveness to exogenous corticotropin 


In general, the response to a lethal dose of endotoxin was of the same order 
of magnitude as that for corticotropin. Thus, 5 minutes after the injeetion 
of endotoxin, when the dogs were hypetensive and hyperpneie, the mean cortisol 
output was 9.1 pe per minute (range, 2.4 to 28.3 pe per minute). Three 
hours after this injection the dogs were hypotensive and febrile, but cortiso! 


output had deelined to an average of 7.35 ne per minute (range, 2.5 to 12.0 pg 


per minute). Two of the 10 animals studied died by the end of this period 
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In one dog the cortisol output from the right adrenal gland was 5.8 pe per 
minute 5 minutes before death. In another animal which died within 10 
minutes after the collection of the 2 hour specimen, this value was 6.5) pe 
per minute, In the surviving & animals, corticotropin produeed a small but 
definite rise in adrenal cortisol output, This increment was shortlived, lasting 
only oO minutes. It is evident from these experiments, that although the adrenal 
secretion of cortisol was well above base line values at the end of 3 hours 
after the injection of a lethal dose of endotoxin, there was an attenuation of 
response tO eCXOVCHOUS corticotropin. 


Aa Hypophysee fomized animals: Further definition of the deeree of change 


in adrenal secretory activity In response to corticotropin after endotoxin shock 
Was attempted in experiments with hypophysectomized dogs. Studies on the 
hypophyseetomized dog were carried out within 3 to 6 hours after hypophy- 
seetomy.  Tvpothermia was prevented by warming the animals with ineandes- 
cent lamps during the procedure. The response of the hypophyseetomized 
dog to corticotropin was less pronounced than that of the intaet doe. A 
maximum mean output of cortisol of 7.5 ne per minute (range, 3.2 to 17.2 pe 


per minute Was reached 10) minutes after the Injection ot corticotropin. 





Mean Adrenal Cortisol Output 
( yg. / min.) 








(in minutes ) 

Fig. 3.—The eftect of a lethal injection of EF. coli endotoxin on the output of cortisol from 
the right adrenal gland during a constant infusion of corticotropin (0.3 units per minute), 
Cortisol output did not rise within 3 hours after the injeetion of endotoxin. 
on the basis of these data, endotoxin does not have a direet stimulatory effect 
m adrenal secretory activity. The magnitude of response To corticotropin 
ifter endotoxin was diminished in the hypophysectomized anmials, the average 
iaximum response being 2.4 ng per minute (range, 1.0 to 5.7 »@ per minute). 


3. Constant infusion of corticotropin in intact animals: The effeet of 


ndotoxin on adrenal cortisol output after an initial response to exogenous 
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corticotropin was also assessed by means of a prolonged constant infusion of 


large amounts of corticotropin, The data are represented graphically in Fig. 3. 


The infusion of corticotropin at a rate of 0.3 units per minute was continued 


for 7 hours. By the end of the third hour of the infusion the cortisol output 


averaged 15.4 pe per minute. 


A lethal dose of endotoxin was injected into 
the dog during the infusion of corticotropin. One hour after the endotoxin 
Injection the output of cortisol dropped to 113 pve per minute even though 


the infusion of corticotropin was continued. Adrenal cortisol output fell 


progressively, and within 3 hours after the endotoxin had been given it reached 
an average of S35) pe per minute. One animal died immediately following 
collection of a specimen | hour after the injection of endotoxin. The cortisol 
secretion of the dow was 1Q.1 ae per minute just prior to death. Another dog 


succumbed 30° minutes following the collection of , 


a specimen 2 hours after 
the administration of endotoxin, and the cortisol output just before death 


Was 3.6 22 per minute, 


Lethal doses of endotoxin markedly stimulate adrenal secretion of cortisol 
but Simultaneous, the secretory response of the adrenal to CXOLCHOUS Cortico- 
tropin is progressively diminished. These findings are in’ contrast to the 
reported results in hemorrhagic shock in does in which the adrenal secretory 


response to CXO@eCnous corticotropin Was actually found to be enhanced.” In 


hemorrhagie shock, only when the mean blood pressure Was redueed below 


So mm. He was there reduction in cortisol output. Mean femoral arterial 
pressures were determined in several dogs alter administration of lethal doses 
of endotoxin and, except for an initial sharp decline, there was partial recovery 


of the mean arterial pressure to levels well above 35 mm. Ile in all animals 
examined for a period exceeding the duration of the experiments. Weil and 


co-workers> reported arterial pressures exceeding 50 mm. He in the dog for 


> hour period after the injection of endotoxin in a dosage up to 5 times 


that used in the experiments reported here.  Pyrogwenie doses of endotoxin 
that did not) produce hypotension or death did not attenuate the adrenal 
secretory response to corticotropin In studies reported eleswhere."! 

(. Concentration | Cortisol in the Pe ripheral Venous Plasma in Dogs 
After Injections of Pyroqenic or Lethal Doses of Bacterial Endotorins.— These 
data are given in Table Ll.) Thirty minutes after the injection of either pyrogenic 
or lethal doses of endotoxin plasma cortisol levels rose significantly. No ap- 
preciable difference was observed in either group of dogs, which suggests that 
the main independent variable affecting plasma cortisol concentration is_ in- 
creased adrenal secretory activity. 

D. The Rate of Removal of Cortisol From the Plasma When Infused as 
the Succinate Ester—bLevels of plasma cortisol after the rapid infusion of 
cortisol sodium succinate in a dosage of 5 me. per kilogram (as cortisol free 
alcohol are shown in Table I. Although the elevated plasma cortisol levels 
in the does whieh received a pyrogenic dose of endotoxin and in those whieh 
received a lethal dose were not dissimilar, following the infusion of cortisol 


the 30 minute levels in the animals after a lethal dose of endotoxin were 








5S MELBY ET AIL.. J. Lab. & $ a pe 
significantly higher than in those whieh received a pyrogenie dose. Levels 
of cortisol in the plasma after the infusion of cortisol 21-hemisueeinate are 
plotted on semilogarithmic paper at different time intervals. These data are 
presented graphically in Fig. 4. The initial preinfusion or endogenous values 
are not subtracted from subsequent postinfusion levels. The levels obtained 
are the result of at least 2 variables: the level of adrenal secretory activity 
and the rate of removal of cortisol from the plasma. In experiments described 
earlier in this report it was shown that adrenal secretory activity was accelerated 
but that it diminished progressively after a lethal dose of endotoxin. Since 
the level in the peripheral plasma is relatively constant and adrenal secretion 
of cortisol is gradually diminishing during the period of this experiment, one 
possible explanation is that the rate of removal must also be reduced. An 
infusion of cortisol removes a significant endogenous contribution by inhibition 
of cortisol secretion and, thus, direct measurements of the rate of removal of 


plasma cortisol more accurately mirror its disposal. 
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Fig. 4 Influence of pyrogenic and lethal doses of bacterial endotoxins on the removal rate 
of exogenous cortisol injected as the succinate ester 


The mean biologie half-time of cortisol in the plasma ecaleulated from the 
plasma levels after an infusion of cortisol by the method of the least squares 
may then be used as a rough index of the metabolic disposal of cortisol. This 
half-time value was 56.6 minutes in the control animals, 40.1 minutes in dogs 
given only pyrogenie doses of endotoxin, and 116.6 minutes in dogs given 
lethal doses of endotoxin. The half-time value for cortisol in the plasma is 
determined to a large extent by the functional integrity of the liver and the 
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a 
blood flow to the organ” The intense congestion and stasis of blood in the 
livers of dogs after administration of lethal doses of endotoxin have been de- 
scribed.” Thus, elevated levels of cortisol in the plasma of dogs after the 


production of endotoxin shock may be due in large part to impaired disposal 


ot cortisol. 


COMMENT 


In the foregoing studies, no seeretory failure of the adrenal glands could 
he demonstrated in dogs after the injection of pyrogenie or lethal doses of 
bacterial endotoxins. On the other hand, inereased secretion of the adrenal 
after administration of endotoxin was demonstrated in all animals tested. 
These observations are in accord with the studies of Jones and co-workers’ 
in the guinea pig and Wexler and associates'® in the rat. The finding of 
increased cortisol production after administration of a lethal dose of endotoxin 
in the doe is in accord with the observations made in human beings. In 
patients in shoek eaused by infeetion the level of cortisol in the plasma was 
invariably elevated. In nearly half of the patients the metabolie disposal of 
exogenous cortisol continued at a normal rate which suggested an aeceleration 
of cortisol production. In those patients who died, however, the rate of removal 
of exogenous cortisol from the plasma was retarded and for this reason. it 
Was not possible to interpret the exact significance of the increased concentration 
of endogenous cortisol in the plasma. The similarities between the results of 
the experiments reported here and the observations in human patients are 
striking. There was a normal rate of removal of cortisol from the plasma ot 
dogs given pyrogenic doses of endotoxin but, in those dogs given a lethal dose 
of endotoxin, extremely slow removal rates were observed.  Tlowever, both 
experimental groups produced supranormal amounts of cortisol in the adrenal 
venous effluent. The relative contribution of secreted cortisol to the high 
circulating levels of the hormone was greater in the animals that received 
a nonlethal dose of endotoxin than in those that were given a lethal dose. 
These in vivo experiments differ from the observations of Rosenfeld’? on the 
in vitro effeets of bacterial pyrogens on corticosteroidogenesis of isolated per- 
fused ealf adrenals. He reported certain bacterial lipopolysaecharides had an 
inhibitory effect on corticosteroid synthesis. 

One significant observation in the studies reported here is the diminished 
response of the adrenals to corticotropin following a lethal dose of endotoxin. 
Rieh'*s has deseribed degenerative lesions in the zona faseieulata of the adrenal 
cortex in humans dying of circulatory collapse due to bacterial infeetion. He 
has reproduced these changes in-the adrenal cortex of the rat following large 
doses of corticotropin, and has suggested that perhaps such histological change 
originates from prolonged intensive stimulation of the adrenals by endogenous 
corticotropin in patients with severe infection.  Signifieant changes in the 
adrenal eortiees of the dogs used in these studies could not be demonstrated 
erossly or microscopically. The attenuated response of the adrenals to exogenous 


corticotropin in terms of cortisol production cannot be explained by an adverse 
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effect of corticotropin per se since the hin poplir sectomized dow showed the same 
diminution in adrenal seeretory response to corticotropin as did the intaet 
animal. 

Decreased reSPONSIVENESS to corticotropin after an injection of a lethal 
dose of endotoxin occurs progressively and is signifieant at 2 to 3 hours following 
the establishment of endotoxin shock. At this stage, Weil and = eo-workers® 
have suggested that peripheral vasodilation and pooling of blood in’ post 
expillary vessels occur. This peripheral stasis of blood leads inevitably to 
anoxia of the perfused tissues. It has been shown that the biosynthesis of 
cortisol can proceed anacrobically through the formation of progesterone but 
that 3 sequential hydroxvlations cannot.'* Molecular oxygen is required for 
the reactions catalyzed by 17 a-hydroxvlase, 11 B-livdroxylase, and 2] hydrox 
vlase; a-hydroxylation at carbon 17 is the most sensitive to oxvgen lack followed 
by 11 B-hydroxvlation. 

Protection against the lethal effeet of bacterial endotoxins by pretreatment 
with cortisol or its analogs has been demonstrated in) various mammalian 
species.’ 2,20 Protection was afforded hy doses of steroid hormones far in 
exeess of the amount the particular experimental animal was eapable of pro 
ducing endogenously. Any suggestion that beneficial effects of adrenocortical 
substances in a given situation provide evidence of adrenal insufficiency is 
unwarranted. It has not been possible to demonstrate seeretory failure of 
the adrenal glands in the dow after lethal doses of endotoxin producing miero 
organisms.’ On the other hand, the demonstration that adrenocortical funetion 
is not disordered after a lethal dose of endotoxin does not preelude the use 
of cortisol or its analogs as therapeutie agents. In studies reported in detail 
elsewhere,“ the serum glutamie oxalacetic transaminase activity was determined 
in a group of dogs injected intravenously with endotoxin prepared from EF. colli, 
There was a prompt rise in transaminase and plasma concentration of cortisol. 
It has been generally assumed that elevations in serum transaminase are 
associated with eellular injury. It was apparent that maximal endogenous 
secretion of cortisol did not prevent the rise in transaminase levels. Tlowever, 
when large doses of cortisol (10 to 20 mg. per kilogram) were given with the 
endotoxin there was only a small rise in the levels of transaminase. All of 
the dogs which received no steroid died within 18 hours, whereas 60 per cent 
of the animals which were treated with cortisol survived. Ebert and colleagues 
were unable to obtain protection by cortisone against the hypotensive effeets 
of meningococeal endotoxin. This is an agreement with the experience of this 
laboratory. 

SUMMARY 

1. The intravenous injection of endotoxins of gram-negative bacteria in 
pyrogenic and lethal doses produces a rapid inerease in’ adrenal seeretor) 
activity, determined by the direct measurement of cortisol in the effluent. of 
the cannulated right lumboadrenal vein of the dog. This response to endotoxin 
is of the same order of magnitude as the adrenal secretory response to a large 


intravenous dose of exogenous corticotropin. 
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2. The seeretory response of the eanine adrenal to exogenous corticotropin 


is diminished after the intravenous injection of a lethal dose of endotoxin. 


The attenuation of adrenal responsiveness to exogenous corticotropin by endo- 
toxin was demonstrated by intermittent and constant infusions of corticotropin. 
The significance of this finding is discussed. 

3. Increased adrenal secretion of cortisol in response to injected endotoxin 
is abolished in hypophysectomized dogs. 

t. The concentration of cortisol in’ the peripheral venous plasma rose 
significantly in all animals given either pyrogenic or lethal doses of endotoxin 
intravenously, 

Dd. The biologie half-time of exogenous cortisol in the plasma of normal 


anesthetized dogs was 56.6 minutes; in dogs given a pyrogenic dose of endo- 


toxin, 40.1 minutes; and in dogs given a lethal dose of endotoxin, 116.6 minutes. 
Therefore, the elevated levels of cortisol in the dogs which received a pyrogenic 
dose of endotoxin is due solely to increased adrenal secretion of cortisol; in 
the dogs which received a lethal dose of endotoxin, increased concentrations 
of cortisol in the plasma are due in part to increased adrenal secretion of 
cortisol and in part to retarded removal of cortisol from the plasma. 

6. Endotoxins of gram-negative bacteria injected intravenously into dogs 
did not produce adrenal SCCreLorys failure, 


We wish to acknowledge the valuable advice of Drs. Th LL. Mason and Roo db Silber 


in the technique ot cortisol annlvsis. 
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COMPARISON OF METABOLIC EFFECTS OF TLIGLL AND MASSIVE 
DOSES OF PREDNISONE 


M. B. Lipserr, M.D.,* ERNEST GREENBERG, M.D.,.** axnp OL_or H. Pearson, M.D. 
NEW York, N. Y. 


The occasional clinical requure meuts fo! excessively high doses oT corticoids 
in the treatment of patie nts with discases such as systemic lupus crythematosus 
and pemphigus prompted a comparison of the metabolic effects of high and 
massive doses of prednisone. Studies of metabolic balance were made on three 
paticonts while they were receiving 100 mg. and 1,000 ma. of prednisone daily. 
In one subject the loss of nitroge nmwas not enercascd as a result o-f the increased 
dose of prednisone. The catabolic « fiect of 1,000 md. of prednisone was greater 
than that of 100 mg. in the other 2 patients, although even these effects were not 
marked, In the one patient with leukemia, the higher dose of prednisone in 
ercased the loss of lymphoid tissue nitrogen by 1.6 Gm. daily. Moderate sodium 
retention was noted at the 1000 ma. dose level 

These data suagest that 100 ma. of prednisone a day can produce a nearly 
maximal catabolic effect. This finding docs not provide any basis for under- 


standing the occasional the rape utie benefits of massive doses of corticoids. 


NUSUALLY high doses of cortisone may be required for the treatment of 
U patients with certain life threatening diseases. Patients with systemic 
lupus erythematosus may, during periods of crisis, need amounts of cortisone 
in excess of 300 mg. a day in order to achieve a therapeutic effect.’ The treat- 
ment of patients with pemphigus® * similarly includes massive doses of these 
compounds. More recently it has been suggested that better therapeutic effects 
may be noted in patients with aeute leukemia and certain lymphomas with 
massive doses of prednisone! but this has not been substantiated. 

Because of these clinical observations, it seemed appropriate to examine and 
compare the metabolie changes which result from high and massive doses of 
prednisone. It was also of theoretie significance to determine whether increasing 
catabolic effects could be obtained by increases of the dose of corticoids beyond 
the level usually considered high. Cortisone and prednisone differ qualitatively 
mly in their effeet in causing sodium retention. There are, however, few quan- 
titative data bearing on this point.’ It has been generally agreed that sodium 
etention is not noted with moderate doses of prednisone, llowever, in patients 
receiving high levels of this compound edema has been noted on several oeea- 

10 


sions.” The studies presented here document the occurrence of sodium 
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retention with prednisone and thus suggest that prednisone differs quantitatively 


rather than qualitatively from cortisone, although this difference is marked. 


METILODS 


Three patients in the Metabolic Ward of the James Ewing Hospital were studied. They 
were fed from the Metabolie Diet Kitchen and received the same diet throughout each study. 


Sample diets were analyzed at the onset of each study and every 3 weeks; leftover food was 


analyzed. Activity was unrestricted. Caloric intake was adequate ino all patients. The 


methods of analysis of sodium, potassium, calcium, phosphorus, nitrogen, urie acid, CO, con 


tent, and chloride have been previously reported.!! Urine corticoids were determined by a 


modification of the method of Silber and Porter. 
Prednisone was administered at dosages of 100 and 1000 me. a day in divided doses, 
Bach level of prednisone was studied for 6 ¢ 


avs and the study periods were separated by 
pre and postceontrol periods, 

Balance data have been plotted by the method of Reifenstein and co-workers! The 
theoretic phosphorus balances were taken as the sum of the phosphorus balance caused by 


changes in calcium and protein, using values of 500 mg. of phosphorus per gram of ealeium 


and 67 mg. of phosphorus per gram of nitrogen, The part of the nitrogen balance caused 

hy Ivmphoid tissue changes in the patient with chronie lymphatic leukemia was caleulated 
: 3N 15P ; ; . 

by the formula x = where x is the muscle nitrogen, N is the total nitrogen bal 


ance, and P is the phosphorus balance corrected for changes caused by movements of ealeium, 
This formula is derived from the findings that the nitrogen:phosphorus ratio of lymphoid 
tissue is O:l and of musele 15:1.14 

Patient M. D. was a 56-year-old white woman with widely disseminated osteoblastic 
Inetastases from mammary carcinoma. The disease was confined to bones and soft tissue 
and caused little disability. The patient had been receiving 50 mg. of cortisone daily for 
| vear and entered the hospital 1 month before the onset of the study. She was malnourished 
beenuse of economie elrreumstances, 


Patient A. C. was a 64-vear-old white woman with mammary carcinoma metastatic to 
bone. Total hvpophyseetomy had been performed 3 months before the onset of this study. 
Maintenance therapy was cortisone, 12.5 


me. every S hours, and triiodothyronine, 25 meg. 


every S hours. She lad edema of both lower extremities secondary to thrombophlebitis. 


Patient S. Y. was a 52-vear-old white man with chronie lymphatie leukemia which was 


progressive and symptomatic. Previous therapy had included x-ray and triethylene melamine. 
He had many easily palpable and measurable lymph nodes, as well as hepatosplenomegaly 


and moderate edema of the lower extremities, presumably secondary to lymphatie obstruction. 
RESULTS 

From the derived data presented in Tables I and I], the effects of a daily 
dose of 100 mg. and 1,000 me. of prednisone may be compared. Patient A. ©. 
developed a total negative nitrogen balanee of 21.2 (im. in the 6 day period 
on the lower dose of prednisone and a total negative nitrogen balance of 19.9 
(im. when she received 1,000 mg. a day of this compound over another 6 day 
period. As the base lines of the control periods which preceded the test doses 
of prednisone were comparable, it is evident that the higher dose of prednisone 
had no greater catabolie effect. This patient who had undergone total hypo- 
physeetomy could achieve a mildly anabolic state when maintained with tri- 
iodothyronine and prednisone alone (Fig. 1). 

In the seeond patient, M. D., 100 mg. of prednisone daily resulted in a 


negative nitrogen balance of 3.0 Gim., whereas 1,000 mg. of prednisone daily 
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led to a negative nitrogen balance of 12.7 Gm. As the nitrogen balances during 
the preceding control periods were different, it is difficult to quantitatively com- 
pare these two dosage regimens. A marked positive nitrogen balance developed 
3 days after the change of the prednisone dosage from 100 me. per day to the 
control level of 15 mg. per day, and after 12 days on the latter dosage, nitrogen 
equilibrium had not vet been reached. 
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Fig. 1 Inffects of 100 mg. per day and 1,000 mg. per day of prednisone on nitrogen 
balance The dietary intake is plotted down from the zero line; the fecal and urinary outputs 
are plotted on the intake line from below upward, starting with the fecal portion *Cortisone 
acetate, 37.5 mg. per day, instead of prednisone, 15 mg. per day, for first 6 days **Cortisone 
icetate, 50 mg. per day, instead of prednisone, 15 mg. per day, for first 6 days 


To correct for the differing base lines in this study, the nitrogen balance 
for the appropriate control period was subtracted from the balanee during the 
test period. On the basis of these calculations, there was a total negative nitrogen 
balance of 7.5 Gm. when 100 mg. per day of prednisone was administered, 
whereas 1,000 mg. per day produced a total negative nitrogen balance of 26 Gm., 
a three-and-one-halt-fold| increase in nitrogen loss for a tenfold) e¢hange in 
dosage of the drue. 

When S. Y., the patient with chronic lymphatic leukemia, received 100 me. 
of prednisone daily, the total negative nitrogen balance for the 6 days was 23.1 
Gm. One thousand milligrams of prednisone per day resulted in a total nega- 
tive nitrogen balance of 48.1 Gm. 

Since there was measurable decrease in the adenopathy during these periods, 
the nitrogen balance was partitioned between lymphoid tissue and muscle 
(Table IL). As there are data suggesting that large doses of cortisone ean 


initially specifically affeet the phosphorus balance independently of nitrogen 
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and calcium balanee,’’ only the balanee data of the last 3 days of each test 
period have been used. The lower dose of prednisone caused the eatabolism of 
LS Gm. of nitrogen daily derived from muscle and 2.0 Gm. of nitrogen daily 
derived from Iymphoid tissue. At the higher dose of prednisone, the nitrogen 
from muscle was 9.8 Gim. daily, and from Ivmphoid tissue 3.0 Gm. daily. 

This patient was in positive nitrogen balance before the study with the 


lower dosage of prednisone, and almost in nitrogen balanee before the higher 


SODIUM BAL ANCE 
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Fig. 2 Effects of 100 me. per day and 1,000 mg. per day of prednisone on sodium 
balance *Cortisone acetate, 37.5 me. per day, instead of prednisone, 15 mg. per day, for first 
i days **Cortisone acetate, 50 mg. per day, instead of prednisone, 15 mg. per day, for first 


6 days 


TABLE IT. PARTITION OF AVERAGE DAILY NITROGEN BALANCE INTO MUSCLE-NITROGEN 
AND LYMPHOID TUMOR NITROGEN 


1) 1) 
FIRST CONTROL 2 SECOND CON- (5 
PERIOD: PREDNISONE rROL PERIOD: | PREDNISONE 

PATIENT CORTISONE 100 Ma. S PREDNISONE (1,000 (6 

S. Y. (50 MG./DAY DAY 3 l 15 MG./DAY MG./DAY (5) —-(4 
Musele N +2.8 1.8 1.6 +1.1 5.8 6.9 

(Gm. ) 
Tumor N —0.2 2.0 1.8 0.5 3.0 3.5 


(Gm. 
Figures in Columns 8 and 6 represent changes in nitrogen balance caused by 100 mg 
per day and 1,000 mg. per day of prednisone. 
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dosave was given. In order to eorreet for these differine base lines, the 
same calculation of the change of balanee was applied as for Patient M. D.: 
the results are shown in Columns 3 and 6, Table Il. This reveals that 1,000 me. 
of prednisone caused only a moderately greater catabolic effeet on musele than 


did 100 me., but that the breakdown of lymphoid tissue was doubled. 
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Fig. 3 Iitrects of 100 mg. per day and 1,000 mg. per day of prednisone on potassium 
balance, *Cortisone acetate, 37.5 mg. per day, instead of prednisone, 15 mg. per day, for first 
6 days. **Cortisone acetate, 50 mg. per day, instead of prednisone, 15 mg. per day, for first 


6 days 


With respect to caleium balance, the minimal effeets of massive dosages ot 
prednisone are apparent. Patient M. D., who had osteoblastic bone disease, 
remained in positive balanee throughout. The caleium balances in the fifth 
and sixth periods of S. Y.’s study suggest that a large part of the stool caleium 
of the fifth period was not passed until the sixth study period. 

A comparison of the effects of the two dosages of prednisone on sodium 
halanee is shown in Table T and Fig. 2. A retention of 228, 210, and 321 mkq. 
of sodium occurred in patients A. C., M.D... and S. Y., respectively, during the 
6 day period on 1,000 me. of prednisone daily. At the lower dosage of pred 
nisone, Patients A. C. and S. Y. exhibited a negative sodium balance of 231 and 
208 mEq., respectively, for the total 6 day period. These sodium losses were 


associated with the loss of leg edema which followed the shrinkage of inguinal 
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lymph nodes in Patient S. Y., and improvement of the phlebitie process in 
Patient A.C. On this same dosage, Patient M. D. exhibited an insignificant 
change in the sodium balance. Thus, at the lower dosage, no sodium retention 
oceurred and 2 of the patients underwent natriuresis as the local factors im- 
proved. Even at the higher level the sodium retention was not profound, 
averaging 42 mEq. daily with an average daily sodium intake of 100 mEq. 
Serum cleetrolyte coneentrations remained unchanged throughout the entire 
study for all patients with the one exeeption of a serum potassium of 3 mEq. 
per liter found in A. C. after the completion of the period on a higher dosage 
of prednisone. 

Potassium balances were in the same direction as nitrogen balances.  Cal- 
culations of theoretic potassium balances were not made beeause of the simul- 
taneous alterations in sodium balanee. 

Absorption of the administered steroid was adequate as judged by the 24 
hour urinary exeretion of 17-hydroxysteroids. 

The duration of effect of the different dosages of prednisone can best be 
evaluated from the balance charts. A carry-over effect on the nitrogen balance 
was observed to occur for L to 3 days after cessation of the test dose of the steroid 

Fig. | 

A marked potassium diuresis occurred during the first day or two on 1,000 
me. per day of prednisone in all 3 patients. A negative potassium balance was 
observed in each instance when 100 me. of prednisone was given. The negative 
balance was twice as great after 1000 mg. of prednisone was administered daily 
(Fig. 38). The early effect of administration of hydrocortisone-like steroids has 
heen previously deseribed, and its mechanisms of production have been dis- 
cussed." 

DISCUSSION 

These studies demonstrate that although 1,000 mg. per day of prednisone 
may produce a eatabolic effect of greater magnitude than would 100 mg. per 
day, this may not be marked, and the inerease in catabolic effect, where ob- 
served, bears no relation to the dosage of this steroid. This may be the result 
of several factors, 

A gradually diminishing effeet with inereasing doses of a hormone = is 
commonly noted in biologie systems, the effeet being proportional to the 
logarithm of the dose of the agent assayed. A maximum action is ultimately 
reached beyond which further increases in dosage produce no additional effect. 
The influenee of the previous catabolie episode may not have been dissipated. 
llowever, there must be a maximum rate of muscle catabolism resulting from 
the administration of prednisone, and when this stage is reached, further in- 
crease in dosage would not result in further catabolic effect. Neither these 
data nor this hypothesis ean explain the occasional requirements for amounts 
of corticosteroid much in exeess of therapeutic dosages already considered 


large. 
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The catabolic effect on tumor tissue has been estimated in one patient, 
S. Y., from the results of the balance of nitrogen and phosphorus. The massive 
doses of prednisone may have effected a greater breakdown of tumor tissue 
than was obtained with the usual high dosage. 

The changes in sodium balance produced In 100 me. per day ot prednisone 
were questionable in 2 patients, S. Yo and A. ©., in whom changes in leg edema, 
secondary to circulatory impairment, may have greatly influenced this balanee. 
In the third patient, M. D.. who did not have such complicating factors, no 
signifieant change in sodium balance was observed when 100 me. of prednisone 
was administered per day. When 1,000 mg. per day was given, on the other 
hand, all 3 patients exhibited sodium retention of moderate magnitude. Thus 
prednisone, like cortisone, had a sodium retaining effect. This was apparent 
only with massive doses. 

No undesirable clinical effeets occurred as a result of administration of 
either 100 or 1,000 me. of prednisone daily. The abrupt decreases in dosage 


after each experimental yr riod were well-tolerated. 


SUMMARY 


1. A comparison of the effects of prednisone in dosages of 100 mg. and 
1,000 me. daily was obtained by metabolic balance techniques in 3 patients. 
In one patient with chronie lvmphatie leukemia, the effects of these steroids 
on the metabolism of tumor tissue were estimated, 

2. In one patient, the catabolic effect of 1,000 me. of prednisone was no 
ereater than 100 mg. In 2 patients, the increment of catabolism which resulted 
from a dosage of 1,000 mg. of prednisone was not linearly proportional to the 
increase In dosage. 

5. Similarly, when the effect on the lymphoid tumor tissue of one patient 
was calculated, it was found that a twofold increment in tumor tissue nitrogen 
loss occurred with a tenfold increase in the daily dosage of prednisone over 
100 me. per day. 

4. Prednisone had an equivoeal effeet on the sodium balanee when given 
at a dosage of 100 mg. per day. Moderate sodium retention oceurred in all 3 
patients, however, when 1,000 mg. per day was given. 
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THE ANEMIA OF CITRRITOSIS 
T. W. Sueeny, M.D., aNp ANN BERMAN 
WASHINGTON, D.C. 


The anemia of Laecnnee’s cirrhosis was studicd in 24 patients, with specrfi 
raluation of the roles oT he molysis, hypervol mid, and chronic bleeding. 


Standards for the interpretation of the results were obtained bu comparabl 
i 


determinations in suitable control sub jeets. The red cell volume and total blood 
rolume were estimated from the dilution of transfused Crst-tagqard red blood 
cells. Ten of 24 patients had a red cell mass below the normal ranae. Plasma 


olume, estimated by subtracting the red ecll mass from the total blood volume, 
was inereased in 15 of the 24 patients with cirrhosis. The red blood cell sur 
rival, determined with autogenous Crét-taggcd red cells, indicated that 9 of the 
patients with cirrhosis had normal and 15 had decreased survival times. fnalysis 
for radioactivity of the frees after the administration of Crét-tagqaed red cells 
indicated loss of blood into the aastrointestinal tract in > of 10 pati nts with 
cirrhosis studied in this manner. Thrombocytopenia, which was present in 12 of 
the 24 paticnts with cirrhosis, appeared to be associated with mitermittent, un 


suspected blecdina from the gastrointestinal tract. Ep. 


Hk ANEMIA whieh oeeurs in Laennee’s eirrhosis has been the subject of 

numerous investigations, and knowledge of its pathogenesis has evolved 
rapidly during the past two deeades. As a result, several theories have been 
discarded, whereas others, such as lack of or failure to properly utilize vitamin 
B'*, have become debatable. Hypervolemia of the plasma, formerly stressed 
as a paramount factor in the anemia,*’ has been overshadowed by the more 
recent observations of a hemolytic process in this disease.“-!” 

Little consideration has been given to chronie intermittent blood loss via 
the gastrointestinal tract as a contributing factor in the development of the 
anemia. In previous studies this complication was eliminated by selecting 
patients clinically free of hemorrhage or patients whose stools showed no oecult 
blood. The difficulty in clinically assessing small amounts of blood lost inter- 
mittently from the gastrointestinal tract is obvious. Moreover, chemieal deter- 
minations of blood in the stool depend on adequate sampling,’* ' which is 
particularly difficult when blood loss is intermittent. 

Our purpose was to assess the incidence of anemia in cirrhosis and to 
investigate the roles of hemolysis, hypervolemia, and chronic bleeding in its 


pathogenesis. 
METHODS AND MATERIALS 


Twenty-four patients, 20 men and 4 women, with Laenneec’s cirrhosis were studied. 
Diagnosis was confirmed in each case by liver biopsy. All patients had experienced at least 
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one episode of gastrointestinal hemorrhage, and 12> were hospitalized because of bleeding. 


KMsophageal varices were demonstrated in all 24 patients by esophagoscopy. The subjects 


ranged in age from 29 to 69 vears (average 41 years). Patients entered the study after 
they were elinieally stabilized. They were ambulatory and without ascites. None had re 


ceived a transfusion or shown evidence of hemorrhage for at least 3 months. 


Twenty normal subjects and 17 patients with untreated polyeythemia were used as 
ontrols for blood volume determinations. Previous studies have revealed that polyeythemia 


vera is characterized by an increase of the red cell mass at the expense of the plasma volume. 


The availability of a group of patients with this disease encouraged us to utilize them as 
additional eontrols in the plasma volume studies, 

Ten hospitalized eirrhotie patients and 5 control subjects were observed for Intestinal 
blood loss after transfusion ¢ 


f autogenous red blood cells labeled with Cr 


Four normal subjects were subjected to repeated venesection during ao res 


blood cell 


survival study. 


Weekly hemograms consisting of a red blood cell count, hemoglobin, hematocrit, reticulo 


eyte count, and platelet count were done by standard techniques.) Bone marrow was 
aspirated from the sternum. 

The red blood cell volume and total blood volume were estimated from the dilution of 
transfused Crol-tagged red cells. Plasma volume was estimated by subtracting the red 
cell mass from the total blood volume. Autogenous Cr 


tagged erythroeytes were used to 
determine red blood cell surviwal.17 


Five milliliter blood samples were counted simultaneously 
with the initial postinjection sample: residual radioactivity. was expressed as percentage of 
the initial samples 


The biologie half-life (T/2) of Cr51-tagged red cells varies from 25 to 40 days.1 21 
The effeet of chronie blood loss on the survival of labeled cells was determined bry repeated|y 
bleeding 4 normal subjects after transfusion of (1 


l-tagged autogenous red cells. Aliquots 
of 15 and 50 mi. 


of blood were removed, respectively, from each of 2 young men between 
the tenth and fifteenth days of the Cro. red cell survival study. 

Fecal analysis for radioactivity after the administration of Cr51-tagged red cells af 
forded a quantitative measurement of gastrointestinal blood loss from the gastrointestinal 
tract in 10 eirrhotic patients. After initiation of a Cro! red cell survival study, at least 
ve 24 hour stool specimens were collected from each patient and analyzed for radioactivity 
by use of the method described by Bannerman.! Blood lost in the 24 hour fecal specimens 
as computed from the radioactivity, compared with that of the blood, and multiplied by the 
veight of the 24 hour stool specimens. After the 24 hour stool specimen was weighed, but 
before emulsification, a portion of the stool was selected at random and forwarded to the 
ospital laboratory for an independent, guaiae determination for occult blood. 

Total protein and plasma albumin levels were measured on the day blood volume de 
erminations were done. The plasma volume and albumin values were used to compute the 


lasma albumin per kilogram of body weight as noted: 


milliliter gram 
Plasma volume « plasma albumin 


kilogram body weight milliliter 
gram plasma albumin per kilogram of hody weight. 
RESULTS 
Table I contains the results of the red cell mass (R.C.M.) and plasma volume 
P.V.) determinations. The mean value of the R.C.M. was 25.4 + 5 ml. per 
ilogram of body weight in the cirrhotie patients, 29.8 + 3.0 ml. per kilogram 
n the normal subjeets, and 47.9 + 6 ml. per kilogram in the polveythemie 
atients. There was no overlap in the mean values or the 95 per cent confidence 
mits in any of the 3 groups, whieh indicates a significant difference in’ the 


lean values. 











sERMAN 


AND 


SHEEILY 









c Ot 


SLE 
















Lot Cot 

oe C'tt 

OG est 

60S Sod 

COb6 Crt a Ft 
“OM/ TIN “OM / LIN “OM/ LIN SAVG ‘OM / IN 
LINTON LIN VION SSVIN 1) LIN VLOA 
Moola VUASV Id TIM o/i sa 
IV.LOJ aan IVALOU 


VHA VINATLLAOA TOd 


SIV 
INQVION € 





A10q HALIM SISOHYMI) HALIAY SLNALLVd NI 





CIATION ] 








OH Ot 
tU't+ 
fol 














“OM 
LIN .1' IE 
VINS\V 


IVINKHON 





S 


IX 
nA 
Ie 


IVINUON 


6 


‘om 


aNX“y 








c 


— 
SSVIN 


*‘VuUdA VINGAHLAO 
IVLOJ, INV ‘ANQIOA VNSVId “SSVJT TIID G4Y AHL NAAM Lag, NOSTUVAINOY) 











Liz 
SOS 
Yoo 


ihe 














Sol 
‘OM /“IN ‘OM /" 
LIWWLVION HIN.1 
wv Te VINSV\ 


SISOHWUYIO 





LIN 
LOA 
lel 





Oo Hi 


_ 








aTAaV I, 














ANEMIA OF CIRRHOSIS 1 


Fourteen (58 per cent) of the cirrhotie patients had a normal red cell mass, 
if the lowest figure (24.5 ml. per kilogram) in the control group was considered 
the limit of normal. Ten patients (42 per cent) had a R.C.M. below this value. 
The hematocrits obtained at the time the R.CLM. was determined are shown in 
Table Il. There was poor correlation between these 2 values. Seventeen (70 
per cent) of the patients with normal red cell volumes had normal red cell 
survival; the other 7 had abnormal erythroeyte survival times. Two patients 
with deereased red cell masses had normal red cell survival times (Cases 17 and 


‘ed ) 


Plasma Volume.—The mean plasma volume for the group of patients with 
cirrhosis was 51.2 + 7.3 ml. per kilogram of body weight. This was significantly 
greater than the mean values for the plasma volume in the control subjeets and 
polyeythemic patients. A substantial overlap existed between the mean plasma 
volume values and the 95 per cent confidence limits of the latter groups. There 
was no overlap between the mean plasma volume of the cirrhotic patients, and 
those of either of the other 2 groups. 

An inereased plasma volume was present in 15 (@3 per cent) of the cirrhotie 
patients. Of the 24 cirrhotic patients 3 had normal R.C.M. and P.V., 11 had 
normal R.C.M. and inereased P.V., 6 had decreased R.C.M. and normal P.V., 
and 4 had deereased R.C.M. and inereased P.V. (Table 


Red Cell Survival—The ved cell half-life determined with autogenous 
Cir't-tagged red cells ranged from 12 to 28 days in the cirrhotic patients and 
from 24 to 35 days in the control subjects. The mean half-life of the erythrocytes 
in the control subjects was 27.2 + 2.4 days. This agrees with determinations by 
Mollison and Veal!,*" 25 + 1.5 days; Donohue and co-workers,'’ 26 + 2 days; and 
Crawford and de Gruehy,'® 26 + 8 days. Considerable variation in red cell sur- 
vival was found in the patients with cirrhosis. Nine patients had normal and 
15 had decreased survival times. The red cell half-life was 23 days in three 
patients, 22 days in four, 21 days in two, 19 days in one, and 16 days or less in 
five patients. 

Blood Loss as Determined by Radioactivity in the 24 Tour Stool Speci- 
mens.—The 5 normal subjects studied in this manner showed radioactivity in 
their stools consistent with a loss of 0.75 to 1.45 ml. (mean 1.3 ml.) of whole 
blood per day, which agrees with the observations of Ebaugh and associates." 

The results obtained by examination of the 24 hour stool specimens of the 
10 patients with cirrhosis are shown in Table Ill. Three patients developed 
vidence of hemorrhage at the time the survival studies were in progress (Cases 

14, and 24). One of these (Case 14) was ambulatory, and his episode of 
ntestinal blood loss was not suspected by the attending physician. Intermittent 
eeal blood loss was found in 5 patients (Cases 4, 9, 12, 14, and 21). All but 
me had previously undergone portacaval shunt procedures. Three patients 
howed no appreciable loss of blood in stools (Cases 1, 3, and 20) and 2 of these 
ad previously undergone shunt procedures. The quantity of blood lost via the 
tool was not reflected by the guaiae test for oceult blood. 








RED CELI 
MASS 
CASI ML./ RG. 
Normal 
l 32.0 
2 24.5 
95.5 
Normal 
} $2.5 (1957 
24.9 (1958 
5 30.4 
6 26.5 (1957 
PSO. 195S 
7 27.7 (1956 
34.2 (1957 
S 30.9 (1956 
25.8 (1957 
2) 24.0 
10 25.7 (1956 
24.6 (1957 
1] ps Me 
i2 38.9 
13 235 
14 25.8 (1957 
6.2 (1958 
17.3 (1958 
Decrense 7 
i 20.3 
16 20.9 
17 ot.e 
IS 21.7 
19 17.2 
on sen a 
Decreased 
2] 14.0 (1956 
P05 (1958 
Ze 20.9 
a 20.5 (1957 
PSS (1958 
24 22.7 (1957 
24.8 (1957 
MCY\ mean 
"HLH 


The 
activity 
noted in 
half-life 


in the stools. 


five 24 hour stool specimens were collected in these cases. 


Cases 4, 8, 9, 


PLASMA 
VOLUME 


ML./KG. 


Nor mal 
$4.5 


DR 


dad 


SOLS 


Increased 
60.5 


66.2 
60.2 
10.2 
60.2 
60.7 
D6.S 
55.0 
58.5 
61.9 


Not mind 
‘i. 
$1.2 
$2.5 
bo 
tS 


36.9 


Inereased 


He 
66.3 
D0.S 
DS.4 
S63 
55.9 


54.3 


corpusculat 


erythroid hyperplasia 


Effect of Blood Loss on the 
in the stools may have contributed to the abnormal red cell surviva 
14, and 24 (Table III 


of the Cr !-tage@ed 


red cells 
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Loss of radio 


The apparent reduetion in the 
3 patients was converted to norma 
(Cases 4, 9, and 14) when corrected for the average radioactivity lost per day 
because onl 
Moreover, Inspection 
of the red cell survival curves of the 4 volunteers who were bled 15 and 50 m 
daily for 6 days (Fig. 1) revealed no appreciable alteration in the shape o 


length of the survival curves. This was notable because 300 ml. of blood hav 








Lhe de S 


Meathict 














; P 


q: 
9] 
GQ) 
Q5 
4] 

100 
YW) 
y 


Q7 


12] 
91 
SY 
S7 
100 
4 


Ot 


Volume 56 ANEMIA OF CIRRHOSIS 


MENTS WITH CIRRHOSIS 


TOTAL 


PRO PROTEIN 
INDIRECT | THROM ALBUMIN 
MCH MOH BILIRUBIN | BIN TIME | HEPATO- | SPLENO BONE | (Gm./100 ALBUMIN 
..6. &, (% (MGM. % (%) MEGALY | MEGALY MARROW Me. | (GM./KG. ) 

27 32 OLS 50 X X E. H. 8.3/3.4 1.5 
31 34 0.6 95 8.3/3.9 1 
27 30 0.4 85 x X Normal 6.0/3.0 1.2 
26 31 0.9 15 x EK. H. 
29 rH | 0.7 +S X 6.3/2.1 - 
30 32 O.8 7) X Normal 7.0/4.0 2.1] 
29 30 1.3 60 x y. 4 EK. H. 1.0/2.5 1.4 
s 31 1.0 15 x X 
34 34 «Bo 38 X Kk. H 8.5/2.9 1.5 
30 32 2.9 30 X 

| 33 0.4 3S X X EK. H 

0) 30 3.1 28 X X 16/22 1.2 
0) S2 2.8 50 X X E. H. 

s7 1 0.7 a0) xX X EK. H. 7.5/3.4 2.0 
iv 34 O.4 9v X X 8.1/3.2 1.3 
Ss 30 0.5 90 X Normal 7.4/3.1 1.9 
s 31 1.0 68 X X E. H. 6.4/2.4 1.5 
0) 33 2.3 30 X X E. H. 6.6/2.2 13 
35 35 1.8 60 x X E. H. 6.0/2.5 1.4 
29 31 1.0 1 6.4/2.4 L.4 
} 36 0.5 30 6.7/3.3 2.0 
32 36 1.0 50 X x E. H. 8.0/3.4 1.4 
P65 3 0.4 85 X E. H. 7.1/3.4 L.4 
By 34 0.6 SO) X Normal 

4 5) 0.5 35 X X E. H. 7.2/3.0 1.3 
7 16 0.6 a) b 4 X E. H. 6.4/2.2 1.0 
3) 52 0.9 ries) X 

2 31 5 30 X X EK. HM. 

0) 30 27 52 X Ec. H. 6.3/1.7 73 
28 27 0.8 35 X 7.2/3.1 1.6 
24 32 1.2 15 X X EK. H 5.9/2.7 1.5 
27 31 0.8 67 X 6.7/3.0 3.5 
30 30 0.8 90 X X kk. 
32 37 0.5 95 X X 


ir hemoglobin concentration 


Thrombocytopenia.—Fitty per eent of the patients had a platelet count 
helow 100,000 per e.mm. Thrombocytopenia was present in 9 of the 10 patients 
who had Cr*! stool determinations. Four patients had an inerease in platelet 
count after a portacaval shunt, whereas + continued to have thromboeytopenia 
ifter similar operative procedures (Table I11). This same procedure alleviated 
panevtopenia in Case 25, and a postoperative red cell survival was normal. 
Paneytopenia persisted in Case 4 after the portacaval procedure, and 8 months 
ater a splenectomy was required. Splenectomy was followed by a return of 
he red cell half-life to normal in Cases 12 and 23. These findings appear to 
support Jandl’s coneept of splenic sequestration as a cause of the hemolytie 


roeess in cirrhosis.!” 














TABLE IIT. THe RELATION OF THE Cr51 50 Per CENT Rep CELL SuRVIVAL TIME To GASTROINTI STINAI 
BLOOD LOSS AND THROMBOCYTOPENIA IN CIRRHOSIS 
24 HR. FECAL (Croll) BLOOD LOSS 
T/2 Cr°! R.B.C. PLATELETS PREOPERATIVE POSTOPERATIVE 
DAYS DAYS < 105 PER CMM. DAY DAY 
PA PRI POST PRI POST OF Ok 
TIENT OPERA OPERA OPERA OPERA SUR SUR 
NO. TIVE rivk TIVE TIVE VIVAI ML. | GUAIAC | VIVAI ML. |GUAIAC | OPERATION 
1 25 $3-67 = 154-210 2 2 0 Portacaval 
} ae +4 shunt 
6 1.3 0 
Ss 1.4 0 
10 1.0 
7.9 
3 28 25 50-75 180-260 9 0.7 0 Portacaval 
3 0.8 ; shunt 
j ned 0 
5 OLS 0 
10 12 0 
7.6 
4 24 18 25 35-45 50-60 1 3.6 +4 Portacaval 
2 1.7 0 shunt 
3 2.1 0 
j 2.3 0 
10 2 dD iD 
15.0 
S 19 99 55-65 60-70 1 20 0 Portacaval 
» 1:4 0 shunt 
3 1.6 0 
} +.) 
6 69.7 
7 195.2 
8 133.2 
16 20.3 
$28.3 
9 oi 37 75-90 80-120 2 54.0 Portacaval 
3 11.4 ' shunt 
6 6.3 + 
9 14.8 
10 6.0 0 
92.5 
12 23 6 25-88 275-450 3 0.9 0 Splenec 
5 0.5 0 tomy 
7 1.6 0 
g 4.6 0 
11 3.2 
15.8 
l4 23 (1951) 8 15-55 65-75 2 11.1 2 258.0 ; Portacay: 
3 10.9 2 1.2 0 shunt 
} 3.4 ' 28 } 
23 (1958) 5 24.8 t 5 3 
6 4.0 0) 10 | 
26" 14 0.5 0 
D4.7 
20 22 250-325 300-420 2 1.0 0 None 
3 0.9 0 
} 1.3 ' 
250-420 5 1.2 0 
& 0.5 0 
4.9 
*Fifty per cent survival time corrected for estimated fecal loss 
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TABLE ILI. (Conr’p) 


The single patient without thromboeytopenia showed no loss of excess radio- 
activity in stools. 


DISCUSSION 


Anemia (R.CLM, 24.5 ml. per kilogram or less 


was found in 42 per cent 
of the patients with cirrhosis. 


This incidence agrees with the observations of 
Cachera (40 per cent) and Eisenberg (24 per cent)? ** but is far less than the 
incidence of anemia reported in previous studies.°* * The latter refleets the 
unreliability of hematoerit and hemoglobin determinations as measures of anemia 
in cirrhosis. Seventy per cent of our cirrhotic patients would have been eon- 
sidered anemic, if a hematocrit of 40 per cent was the criterion for anemia. <A 
relatively high hematocrit masks the severity of most chronic anemias.*°  How- 
ever, in cirrhosis, the hypervolemia accentuates the decreased red cell volume, 
and may suggest anemia in the presence of a normal red cell mass. 

The expanded plasma volume in cirrhosis has been attributed to both hypo- 
albuminemia and extensive portal-collateral circulation... But the development 
of the latter in extrahepatic obstruction is not accompanied by hypervolemia,? 
and the hypoalbuminemia of cirrhosis may be a relative deficiency. Half the 
hody pool of albumin is intravascular and the turnover of plasma albumin is 
not altered in the disease.** *" The total amount of circulating protein was less 
than normal (in terms of grams per kilogram ot body weight) in only 2 patients 

Table IL). In the other patients when plasma volume had expanded, the mass 
of protein had not. The low concentration of plasma protein appeared to be a 
result of dilution. It is interesting to speculate that ‘‘ascites of the blood’”’ may 
be the preeursor of clinical ascites. 

The red cell survival was decreased in the majority (62 per cent) of our 
cirrhotic patients. Repeated studies at different intervals with Cr*'-tagged red 
cells have shown that the severity of the hemolytic phenomenon in such patients 


Ys HR. FECAL (Croll) BLOOD LOSS 
T/2 Cr51 R.B.C. PLATELETS PREOPERATIVE POSTOPERATIVE 
(DAYS (pAYs) | (< 103 PER C.MM.) | pay DAY 
PA PRE POST PRE- POST OF OF 
TIENT | OPERA OPERA OPERA OPERA SUR SUR 
NO. TIVE TIVE TIVE TIVE VIVAL| MUL. |GUATAC] VIVAI ML. |GUAIAC] OPERATION 
21 12 14 50-90 110-158 2 21.3 Portacaval 
4 7.9 +4 shunt 
5 24.6 wea 
7 1.2 0 
8 1.9 0 
56.9 
93 16 24 35-40 POO-3B15 Splenee 
tomy 
24 16 25 30-50 140-250 2 1.2 ++ z L 0 Portacaval 
3 1 3 1.0 t shunt 
} 10.5 +4 } 0.8 0 
5 °0),2 +4 5 0.5 0 
7 POD.0 hdd 6 0.4 a) 
328.0 e 
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varies considerably from time to time. Hemolytie disease may disappear eom- 
pletely after portacaval operation in some cirrhotic patients, whereas only 
splenectomy eliminates it in others. Intermittent bleeding from the intestinal 
tract can magnify the effect of hemolysis. However, considerable blood loss is 
necessary before the survival eure of tagged red cells is altered. In 2 normal 
subjects a loss of 300 ml. of blood in 6 days during the Cr*' study did not ap- 
preciably affect the half-life of the red cells. 








PER CENT RED CELL SURVIVAL 





0 2 4 € - 2 4 € - 2 Z 24 2¢ 28 
DAYS 


Fig. 1.—The effect of daily venisection on the curve of decay of autotransfused red cells 


labeled with Cr! Four normal subjects were so transfused, and for 10 days thereafter the 
slope of the curve was established. Then for 1 week they were bled each day, after which the 
slope of the curve was once again determined. Subjects 1 and 2 were bled 50 ml. per day; 
Subjects 3 and 4 were bled 15 ml. per day It is apparent that this amount of blood loss is 


insufficient to alter the slope of the curve of decay of Cr*!-tagged red cells in normal subjects 


Demonstrable intestinal lesions may produce intermittent blood loss, and 
a duodenal ulcer caused this in 2 patients. In the remaining subjeets with this 
type of blood loss, inspection of the esophageal varices, extensive radiologic 
examinations of the gastrointestinal tract, and the measurement of radioactivity 
in 12 hour gastrie aspirations failed to reveal a loealized souree of hemorrhage. 
Thromboeytopenia was the common denominator in those with intermittent loss 
of blood in stools. This was not surprising, for thromboeytopenia is quite com- 
mon in ¢irrhosis,“’“? and is often associated with hemorrhagie diseases in these 
patients.** A tendeney to mucosal bleeding and the fact that significant inter- 
stitial hemorrhage occurs long before elinical evidence of bleeding with throm- 
boeytopenia makes the intestinal tract with its myriads of capillaries and 
extensive mucosal surface an ideal site for bleeding. Reeovery from thrombo- 
eytopenia may follow portacaval operation, but is unpredictable. Only 4 of § 
patients with thrombocytopenia had a sustained rise in platelets after such 
operative procedures. 

The anemia of cirrhosis is unusual. Hemolysis, hemorrhage, and chronic 
blood loss from thrombocytopenia may all contribute to it. However, even these 




















mere “4 ANEMIA OF CIRRHOSIS 1 
factors do not explain all the facets of the anemia. Some eirrhotie patients are 
unable to maintain a normal red cell volume, even though the hemolytie process 
which affects the red cells is no more severe than that of other cirrhotic patients 
with a normal red cell mass. This leads to another phase of the anemia, ‘‘a 
modified inhibition of bone marrow production.’’ Normally, hemolytic disease 
is compensated by inereased hemoglobin production. Under proper conditions 
hemoglobin production may increase sevenfold, anemia developing only when 
the capacity for compensation is exceeded. In cirrhosis, this compensating 
mechanism is sometimes altered. The result is a limited increase in hemoglobin 
output, which is insufficient to compensate for the loss of red cells and maintain 
a normal cireulating red cell volume. For example, in Case 20 there was a mean 
red cell life span of over 50 days.'*? A twofold increase in hemoglobin produe- 
tion should have been adequate to compensate for a hemolytic disease of this 
severity. Nonetheless the cireulating red cell mass remained low. 

Limitations of the bone marrow output may result from several deficiencies. 
One of these is lack of iron,*’ and the serum iron is often decreased in cirrhosis.’” 
Indeed, superimposed iron deficieney may be associated with the macroeytosis 
so frequently encountered in the disease.” 


CONCLUSION 

The pathogenesis of the anemia of cirrhosis is complex. Blood loss, a 
hemolytie component, and partial inhibition of the bone marrow may singly 
or together contribute to the anemia. Hypervolemia accentuates both the inei- 
denee and severity of low values for hemoglobin and hematoerit in patients with 


this disease. 
When thromboevtopenia complicates the disease there is often intermittent, 
unsuspected bleeding from the gastrointestinal tract. 


We wish to express our thanks to Colonel William H. Crosby for his guidance, 
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AUREUS TO ERYTHROMYCIN IN COMBINATION WITH OLEANDO- 
MYCIN, VANCOMYCIN, OR DITEYDROSTREPTOMYCIN 


RATE OF DEVELOPMENT OF RESISTANCE IN STAPHYLOCOCCUS 


WeENDELL H. Hauy, M.D... Pu.D. 
MINNEAPOLIS, MINN. 


The rate of omeracnee of resistanece to various antibiotics was measured foi 


5 strains of virulent staph ylococe) by three methods, Technical factors whieh 


influenced the apparent capacity of staphylococei to de velop resistance to anti 


biotices included such variables as the conecntration of the antibiotic, its activity, 


the medium employed, the size of the bacterial population, time of baeterial 


exposure to the antibiotic, bacterial sampling techniques, variation between 


bacterial strains, and variation in bacterial clones within a 


of these 


strain. The influence 
variables was apparent in studics in which single antibiotics as well as 


combinations of antibiotics were used. The combination of equal weights of 


erythromycin and olcandomycin delayed the emergence of resistance in most 
strains of staphylococei up serial transfer. Vancomycin also retarded adapta 
tion of staphylococci to crythromycin, as expected, Vancomycin also scomed 
to delay resistanee to dihydrostreptomycin but it had no such cffect on re 
sistance to oleandomyein. Resistance to erythromycin plus dihydrostre ptomyein 
usually de velope dat a slower rate than to cither drug alone. Oleandomyein 
dihydrostreptomycin mirturcs delayed the emergence of resistance on se rial 
transfer but the rate of adaptation was rapid after a few transfers. Pre 
liminary studics did not show a close relation between the rate of mutation and 


the rate at which resistance emerged on serial transfcrs.—Eb. 


ODAY the majority of strains of staphylococci which cause infections in 

hospitals are resistant to high coneentrations of penicillin, streptomycin, 
and the tetraeyelines. It has been proved that resistance to antibiotics may 
arise either from selection of resistant genetic mutants, a biochemical adaptation 
in the bacteria, or contamination of an infected lesion with resistant bacteria. 
In many hospitals, infections with antibiotic-resistant staphylococci have become 
a frequent and serious problem. 

Many students of microbial geneties argue that antibiotic resistance may 
he prevented or retarded by the administration of antibiotics in combinations. 
This seems to be a sound preventive measure but there is little evidence that the 
intibiotie resistance of staphylococci in man has been measurably decreased 
by these combinations." * 

The rate at which resistance to an antibiotie may emerge in bacteria is 
isually measured by exposure of those bacteria to increasing amounts of the 
intibiotie over a period of time. During the past 3 years we have conducted 
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35 experiments of this type with 15 strains of hospital staphylocoeci using 
antibiotics singly or in paired combinations. Mutation rates for resistance to 
some antibiotics were also determined by the method of Luria and Delbriick.* 


MATERIALS AND METHODS 


Cultures.—The strains of Staphylococcus aureus employed were selected from 30 
strains of pathogenic staphylococci recovered in 1954 from the blood or exudates of infected 
patients.6 The cultures were stored at 10° C, on brain heart infusion (B.H.I.) agar slants. 


They were transferred to fresh medium approximately every 2 months. 


Antibioties.—The antibiotic solutions were usually prepared by dissolving a soluble 
crystalline powder of known potency in sterile distilled water at 28° C. The following anti- 
bioties were used: potassium penicillin G (Lederle), dihydrostreptomycin sulfate (Sharp & 
Dohme), erythromycin glucoheptonate, erythromycin, erythromycins A and B (Eli Lilly), 
dleandomyein phosphate (Pfizer), neomycin sulfate (Upjohn), and vaneomyein hydrochloride 


(Eli Lilly). The concentrated stock solutions were stored at —10° C, for not more than 1 week. 


Induction of Resistance in Broth Flasks (Method 1).—The method was moditied from 
that of Spink and Ferris.“° A loopful of culture from a B.TLL. agar slant was transferred 
to 5 ml. of B.H.I. broth (Difco) and incubated 18 hours at 87°C. To a 50 mil. Erlenmeyer 
flask were added 1 ml. of broth eulture, 48 ml. of B.H.I. broth, and 1 ml. of antibiotie solu 
tion. The final concentration of antibiotic was adjusted so as to be slightly below the minimal 
inhibitory concentration. After the contents were mixed, the flask was incubated at 37°C, 
until full growth occurred (24 to 72 hours). A loopful was then transferred to a B.H.I. 
agar slant and 1 ml. was inoculated into 5 ml. of B.H.I. broth. These subcultures were 
incubated 18 hours at 87°C. The agar slant was checked for purity by the eolonial and 
microscopic morphogenesis and by coagulase production, The broth subculture was used for 
inoculation of a double concentration of antibiotic. Such experiments were carried on for 
15 to 20 transfers or until the staphylococci ceased to grow vigorously. The apparent resist 
ance of staphylococci growing in antibiotic broth was confirmed by the broth dilution method 
of Rammelkamp and Maxont as modified by Waisbren and associates.7 


Induction by Serial Broth Dilution (Method 2).—This means of inducing antibiotie 
resistance has been widely used and is adapted from that of Rammelkamp and Maxon.4 
The stock antibiotie solution was diluted so that the final concentration would differ by two 
fold steps from about 0.01 to 100 meg. per milliliter. To each dilution (0.5 ml.) of anti 
biotic in a sterile Kahn tube was added 0.5 ml. of a 1:10 broth dilution of an 18 hour B.H.1. 
broth culture of staphylococci. After mixing, the tubes were incubated 48 hours at 37° C. 
A loopful from the tube which contained the highest concentration of antibiotie whieh per 
mitted full growth was transferred to a slant of B.H.I. agar to eheck for contamination. 
The remainder of the contents of this tube was poured into 10 ml. of B.H.I. broth. After 
18 hours at 37° C. the latter was used to inoculate a new series of antibiotic dilutions. This 
process was repeated until full resistance to 100 meg. per milliliter of antibiotie was reached 
or until 10 transfers had been completed. 


Induction by Serial Agar Plate Dilution (Method 3).—This method was slightly modi 
fied from the procedure of Murray and co-workers.5 A loopful of the test culture 
transferred from B.H.I. agar to broth and was ineubated overnight. 


was 
A loopful was also 
streaked on a blood agar plate. After 24 hours 6 individual colonies were picked and 
transferred to 6 tubes of B.H.I. broth. After 24 hours these broth cultures were used 
baeterial inocula. 


as 


B.H.1. agar (9 ml.) was dispensed into 70 ml. Pyrex tubes and was sterilized by heat 
After it was melted, the agar was kept at 55°C. in a water bath. One milliliter of anti 
biotic solution was added to each tube and mixed with agar. The contents of each tub 
was then poured into a Petri dish and allowed to cool for 3 hours at about 28°C. The 


bottom of each plate was marked off into 6 equal segments. Each segment was streaked 
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with a 24 hour broth culture of the test strain. The plates were incubated 48 hours at 37° C, 
The amount of growth was recorded on a scale of 1 to 4 plus, resistance being indicated by 
1 plus or greater growth. 

Further exposure to the antibiotic was carried out by selecting the plate which contained 
the highest concentration of antibiotic that allowed growth of typical large, opaque colonies 
of staphylococci. Growth from the plate was inoculated into B.H.I. broth and ineubated 
24 hours. This broth was then used to inoculate the second 
18 to 15 serial transfers were carried out, unless complete resistance to LOO meg. per milli- 
liter developed earlier. 


group of antibiotie plates. From 


Mutation Rate (Neqative Tube Method).—A single colony WAS picked from an agar 
culture of Strain 14 and inoeulated into 10 ml. B.H.L. broth. After incubation 


the culture was centrifuged at 2,100 r.p.m. for 25 minutes. 


for 24 hours 
The supernatant (0.25 ml.) was 
transferred to each of three 15 ml. tubes of broth. After incubation to full growth the 
cultures were mixed and centrifuged as before. The first tube was used to inoculate fresh 
broth tubes for future experiments. Supernatants (1 ml.) from Tubes 2 and 38 were added 


to 9 ml, broth, mixed, and diluted serially to 1:10,000. The final volume in the last tube 


was 20 ml. Exactly 0.25 ml. of each of the two 1: 10,000 dilutions was delivered to each 
of four 20 ml. tubes and fifty 5 ml. tubes. These were incubated 48 hours or until bacterial 
colonies were fully grown. 

Viable Count.—The volumes in each of the 2 series of 4 large tubes were brought to 
10 ml. with broth, mixed, and carried through 4 serial 1:10 dilutions in broth. <A separate 
pipette was used for each dilution. Two pour plates were prepared with 0.5 ml. of the last 
dilution and 1 with 0.5 ml. of the next lower dilution; 10 ml. melted B.H.T. 


agar cooled 
to 56° C. was added. 


The 12 plates were incubated 24 hours and the visible colonies were 
counted on a Quebec colony counter; usually only the highest dilution was counted unless 
the eount was too variable or too small. 

Mutants.—Five tenths milliliter broth was delivered to each of the 2 sets of 50 small 
tubes, the contents were mixed and made up to about 5 ml. with melted 


antibiotic agar 
cooled to 56° C, 


The concentration of antibiotic was selected by preliminary experiments 
under similar conditions so that the bacterial growth was partially, but not completely, 
suppressed, The 100 tubes were poured into Petri dishes. The tubes were then washed with 
5 ml. antibiotic agar which was poured into the same plates. The contents of the plates 
were then swirled to mix them. The plates were incubated 48 hours at 37° C. and the number 
of colonies on each of the 100 plates was recorded. The mutation 


rate was calculated from 
Formula 1 of Luria and Delbriick*, > 


(In 2) (In P.) 


(—1,593 ) 


where a is the mutation rate per bacterium per division eyele, IP’, is the proportion of cultures 


having no resistant mutants, and N is the average number of bacteria per culture at the 


end of the growth period. 
RESULTS 

Serial Transfer in Individual Antibiotics. 

Penicillin: The rate of emergence of resistance to penicillin G was measured 
by serial transfer in broth flasks (Method 1) which contained 100 per cent in- 
creases of penicillin on each transfer. Two stock strains of virulent staphylocoe- 
cus (Nos. 9 and 14) were studied. Beginning with 0.01 unit per milliliter, full 
erowth oeeurred with each transfer until a concentration of 0.08 unit per milli- 
liter was reached. Above this coneentration growth was slower and the 








86 HALL J. Lab. & Cli Med 


staphylococcus was difficult to maintain on transfer to agar. Ilowever, by re- 
ducing the inerements in’ penicillin concentration to 0.02 to 0.04 unit per 
transfer, Strain 9 became resistant to 3.0 units per milliliter after 28 transfers. 
Strain 14, on the other hand, became resistant to only 0.24 unit per milliliter 
after 12 transfers (Table I). After developing resistance to penicillin’ both 
cultures were made up of tiny colonies on agar resembling **G?* variants. They 
contained only typical gram-positive cocci on smears. 


TABLE I. VARIATION IN RATE OF EMERGENCE OF RESISTANCE TO PENICILLIN G IN 7 STRAINS 
OF STAPHYLOCOCCUS TRANSFERRED SERIALLY IN Broru FLASKS 


MAXIMUM PENICILLIN RESISTANCEt 


STRAIN NO, PIGMENT COAGULASE DN ASE* UNITS/ML. NO. OF TRANSFERS 

5 +4 ' +4 5 i) 
9 + + +4 3 28 
12 : - + 0.36 8 

; 0.24 12 
19 10,000 35 
23 +4 ' +4 Ha 19 
28 ao Is 


*Desoxyribonuclease activity (see Reference 13) 
#As determined by Broth Method 1 


Using the same method, 5 other penicillin-susceptible strains (Nos. 2, 12, 
19, 23, and 28) were made resistant (Table 1). These strains differed con- 
siderably in pigment formation, coagulase activity, and DNAse activity. The 
rate at which resistance to penicillin was indueed was generally slow and the 
degree of final resistance was limited in most strains. Penicillin resistance was 
not correlated with pigmentation or enzyme activity. However, after resistance 
to penicillin appeared, some strains (Strains 2 and 12) did not grow vigorousl) 
and on agar the colonies were small, perhaps limiting aequisition of further 


resistance. 


Neomycin: Twelve strains of coagulase-positive Staph. aureus were exposed 
to increasing amounts of neomyein in broth by Method 1. The strains were Nos 
2, 9, 12, 14, 18, 19, 23, 24, 26, 28, 31, and 32. They were selected because al 
were virulent, antibiotic-susceptible strains, with the exception of Strain 32 
which was resistant to penicillin, streptomycin, and the tetracvelines, thoug! 
susceptible to neomyein. All the strains but Nos. 19 and 24 showed rapid in 
duction of resistance to neomyein as the concentration was increased stepwis 
by tenfold increments from 0.01 to 1.0 meg. per milliliter, then by twofold step 
to 512 meg. per milliliter. There was no change in the morphogenesis, staining 
or growth rates as these strains adapted to neomycin. Strains 19 and 24 gre 
slowly after they had become adapted to 8 meg. per milliliter and only a fe 
colonies were induced to grow in a concentration of 32 mee. per millilite 
Smears of the resistant colonies showed only gram-positive cocci. There wi 
no evidence of induction of cross resistance to penicillin when the neomyein 
resistant cultures were exposed to penicillin in broth. The antibiotie-resistan 
Strain 32 became adapted to neomycin at the same rapid rate as did the majorit 
of the strains tested. There was no apparent relation between pigment produ 
tion, coagulase activity, or DNAse activity and the rate at which resistance 
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santa emergence of resistance in Staph. aureus to dihydrostreptomycin after serial 
insters, 

Fig. 1.—Strain 14, serial transfer in broth flasks (Method 1). 

Fig. 2.—Three clones from Strain 14, agar plates (Method 38). 

Fig. 3.—Three clones from Strain 19, agar plates (Method 3). 
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neomycin became manifest. With the exception of Strain 28, the majority of 
the strains which became resistant rapidly possessed good enzyme activity and 
pigment production. Of the 2 strains which adapted poorly to increasing concen- 
trations of neomycin, Strain 19 lacked enzyme activity and pigment, but Strain 
24 was bright vellow and a potent source of both coagulase and DN Ase. 

Dihydrostreptomycin: Resistance to dihydrostreptomycin was induced in 
2 strains of staphylococci (Nos. 9 and 14) by serial transfer in flasks of broth 
(Method 1). By exposure to doubling concentrations of the antibiotie, resis- 
tance increased from 0.0L to 160 meg. per milliliter in 15 transfers (Fie. 1). 
The resistant bacteria were unchanged in morphogenesis, staining, and erowth 
on agar and broth media. 
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Fig. 4.—The rate of emergence of resistance to erythromycin, vancomycin, and a mixture 
of equal weights of erythromycin and vancomycin in 6 clones of Strain 14 Staph, aureus as 
demonstrated by serial transfer on agar plates (Method 3). 


Resistance to dihydrostreptomyecin was also induced by repeated exposur 
to doubling dilutions of the antibiotic on agar plates (Method 3). Six cultures 
were obtained from 3 clones each from 2 strains (Nos. 14 and 19). The 6 
cultures were all resistant to 0.78 meg. per milliliter of dihydrostreptomyei 
before resistance was induced. Complete resistance to 100 meg. per millilite 
was manifest by Strain 14 after 6 transfers (Fig. 2), and in Strain 19 in 5 trans 
fers (Fig. 3). The rate at which the 3 sublines of Strain 14 beeame resistan 
was very similar. The rather uniform results suggested that the ineidenc 
of resistant mutants was nearly identieal in the clones selected. Variation 
in results arising from inadequate sampling and unselected spontaneous muta 
tions were reduced by transferring only fully grown colonies directly to anti 
biotic agar without passage through antibiotic-free media. There was considerabl: 
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variance and fluctuation in the resistance of the three sublines of Strain 19 
to dihydrostreptomyein. The possibility of mutations from resistance to sus- 
ceptibility was evident, particularly on the second and fourth transfers of 
Strain 19 (Fig. 3). 

Vancomycin: Resistance to vanecomyein was induced in two strains, Nos. 9 
and 14, by the broth-flask method (Method 1). Strain 9 readily tolerated 
serial twofold increases in vancomyein from 0.01 to 5.0 meg. per milliliter, but 
resistance was further increased up to 22 meg. per milliliter only by slow 
arithmetie increases, requiring 18 transfers in all. Strain 14 became resistant 
more readily, reaching a level of 60 meg. per milliliter after 13 transfers in dou- 
bling concentrations of vancomycin before its growth beeame slow and erratie. 

Strain 14 was also made resistant to vancomycin on agar plates (Method 
3). Six clones were selected and made resistant simultaneously. The original 
isolates were resistant to 12.5 meg. per milliliter in agar. Surprisingly, none 
of the 6 sublines could be induced to grow in 25 meg. or more per milliliter 
by this method in spite of 14 transfers (Fig. 4). Agar reduced the activity of 
vancomycin against staphylococci but it did not inerease the rate at whieh 
resistance developed. 

Erythromycin: Strains 9 and 14 were also adapted to erythromyein in 
flasks of broth (Method 1). By this means both eultures manifest a remarkably 
rapid adaptation to erythromyein, tolerating an increase from 0.01 to 1,600 
meg. per milliliter in 15 successive transfers in (usually) doubling concentrations 
without any difficulty nor any evident change in growth or staining character- 
istics (Figs. 1 and 5). 

In an attempt to ascertain the affect of resistance to the closely related 
antibiotic, oleandomyecin, upon the rate of adaptation to erythromycin, Strain 
11 (naturally resistant to oleandomyein, 100 meg. per milliliter) and a subline 
of Strain 14 adapted to oleandomycin (SO meg. per milliliter) were made 
resistant to erythromycin by Method 1. As expected, both strains readily 
adjusted to increasing amounts of erythromyein in broth, their tolerance jump- 
ing from 0.01 to 1.28 meg. per milliliter in 7 steps. 

It was assumed that the rate at which staphylococci might be adapted to 
erythromyein or other antibiotics would be proportional to the size of the 
population exposed to the selective effeet of the antibiotic. To test this hypothe- 
sis, Strain 14 was grown in broth which contained doubling dilutions of erythro- 
myein (Method 2) and inoculated with either a 1:100 or 1:10 broth dilution of 
an 18 hour broth culture. With the smaller population, Strain 14 inereased in 
resistance from 0.39 to only 0.78 meg. per milliliter in 4+ transfers (Fig. 6). 
As expeeted, with the large inoculum resistance developed more rapidly, in- 
creasing from 0.39 to 6.25 meg. per milliliter in 4 transfers (Fig. 7). The 
level to which resistance had developed, however, was the same after 6 or more 
transfers with either a small or large bacterial population. 

As shown in Table II and Fig. 10 the rate at which erythromyein resist- 
ance developed varied with different strains. Two strains, Nos. 24 and 25, 
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with the greatest amount of pigment, coagulase and DNAse activity became 
resistant most rapidly. Though one strain (No. 19) with little or no pigment 
or enzyme activity developed no resistance, 3 similar strains beeame slowly 
resistant to 90 to 100 meg. per milliliter. After the sixth transfer on erythro- 
mycin agar, all 6 strains grew somewhat erratically on antibiotic-free agar. The 
apparent “*dependence’* on erythromycin was only partial and was most fre- 
quent with Strain 25, whieh never reached a very high level of resistance. The 


resistant progeny of Strain 25 grew poorly on all plates. 
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Fig. &8.—Strain 14, agar plates (Method 3), average of 3 replicas with erythromycin (FF), 
streptomycin (SM), and both drugs (SE). 

Fig. 9.—Strain 19, agar plates (Method 3), average of 3 replicas with erythromycin (EF), 
Streptomycin (SM), and both drugs (SE). 
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TABLE Il. RATE OF EMERGENCE OF RESISTANCE TO ERYTHROMYCIN IN 6 STRAINS OF STAPHY 
LOCOCCUS TRANSFERRED SERIALLY ON AGAR PLATES 


MAXIMUM ERYTHROMYCIN 
RESISTANCEt 


STRAIN NO. PIGMENT COAGULASEI DNAS! MCG./ML. NO. OF TRANSFERS 
8 + 100 9 
12 50 q 
14 + 50 q 
19 0.78 q 
24 100 D 
25 6.25 1} 


*Desoxyribonuclease activity (see Reference 13) 
#As determined by Agar Plate Method 
{No more resistant after 9 transfers but partially “dependent.” 


The fact that the rate of adaptation to erythromycin was variable in 
staphylococci was especially striking in another experiment with two strains, 
Nos. 14 and 19. Three clones were picked from each and made resistant by serial 
transfer on erythromyein-agar (Method 3). On the whole, Strain 14 became 
resistant to erythromyein more rapidly than did Strain 19 (Figs. 8 and 9) 
Migs. 11 and 12 demonstrate, however, that there was considerable difference 
in the level of resistance reached by the sublines of each strain, especially in 
Strain 14 after 3 or more transfers and Strain 19 after 7 or more exposures. 

Since the variation noted above might be the result of sampling errors, 
the experiment was repeated with modifications designed to decrease such 
variations. Six clones of Strain 14 were selected and simultaneously adapted 
to erythromycin on agar plates by Method 3. In this ease each transter was 
made from the plate which contained the highest concentration of erythromycin 
permitting any growth rather than from the concentration allowing fu// growth. 
In this instance there was striking similarity in the rate at which resistance 
became apparent in each of the 6 sublines (Fig. 4). There was no more than a 2 
dilution difference (200 per cent) at any time. Initially the clones were resist- 
ant to 1.56 to 3.12 meg. per milliliter of erythromycin. After 5 transfers 4 
sublines reached a peak resistance of 50 meg. per milliliter whereas 2 grew only 
in 12.5 meg. per milliliter. Resistance remained essentially the same after 9 
exposures to erythromyein but declined thereafter, reaching a level of 1.56 to 
3.12 meg. per milliliter after 15 exposures. This loss of resistance was consistent 
in all 6 sublines and was not accompanied by any apparent antibiotie dependence 
or decline in vigor of growth. 

Erythromyein is a polvyhydroxyketolactone that contains, for the most 
part, erythromycin A and a small amount of the similar erythromyein B, whieh 
is 15 to 20 per cent less active.” 

Six clones of Strain 14 were adapted to erythromycin A, to erythromyein 
B, and to a mixture of equal parts of A and B by the agar plate dilution method 
(Method 3). The powdered antibiotic bases were dissolved in absolute methyl 
aleohol and the dilutions were made with phosphate buffer solution, pIT 8.0." 


On the initial test the 6 clones were susceptible to 0.2 meg. per milliliter 
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erythromycin A, 0.39 erythromyein B, and 0.39 erythromycin A plus B (Fig. 
13). Serial transfer was made of whatever colonies appeared in the highest 
concentration of antibiotic which permitted any growth. Subline 1 beeame 
fully resistant to 100 meg. per milliliter of each of the 3 antibiotic preparations 
after only 6 exposures though the other 5 sublines remained susceptible to 0.78 
to 12.5 meg. per milliliter. Sublines 3 and 5 beeame completely resistant to 
erythromyein B after 7 exposures but remained susceptible to erythromyein 
A; subline 3 was resistant to A plus B and subline 5 was susceptible to A plus B. 
After the seventh exposure subline 6 was resistant to 25 meg. per milliliter A 
plus B though it remained susceptible to both A and B individually. After 8 
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Mig. 10.—Variation in rate of adaptation (agar plates, Method 3) to erythromycin, oleando- 
mycin, and a mixture of erythromycin plus oleandomycin in 6 strains of Staph. aureus. 


exposures all but subline 2 were fully resistant to A plus B 100 meg. per milli- 
iter though most remained susceptible to A in varying degrees and 3 sublines 
2, 4, and 6) continued susceptible to B. Sublines 1 and 6 beeame fully resist- 
nt to A by the sixth and ninth exposure, respectively. The experiment was 
erminated after 12 transfers. Tests for cross resistance showed that 3 sublines 
dapted to erythromycin B had become somewhat resistant to A. Four sublines 
dapted to A had become cross resistant to even greater concentrations of the 
‘SS active erythromycin B.'" 
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Olcandomycin: One of the newer antibiotics, oleandomyecin, is very similar 
to erythromycin, though somewhat less active against staphylocoecei and other 


Two strains (Nos. 9 and 14) of staphylococci were made resistant 


bacteria.!” 
Both strains 


to oleandomycin by serial transfer in flasks of broth (Method 1 


were readily adapted to an increase in the concentration of oleandomyein from 
A subeulture of 


0.01 to 160 mee. per milliliter in 14 twofold steps (Fig. 5 
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Variation in rate of emergence of resistance to erythromycin between clones of Staph 
aureus 
Fig. 11 Strain 14, agar plates (Method 


3), 3 clones. 
19, agar plates (Method 3), 3 clones. 


Fig. 12.—Strain 
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Strain 14, which had been adapted to erythromycin (100 meg. per milliliter), 
remained fully susceptible to oleandomyein, though it could be made quickly 
resistant to it yy Method 1, 


During serial transfer in broth dilutions (Method 2) of oleandomyein, 
Strain 14 became adapted to the antibiotie somewhat more rapidly than it 
had with erythromyein (Fig. 6). When the experiment was repeated with a 
tenfold greater population, resistance to oleandomycin developed even more 


rapidly, as was the ease with ervthromyein (Fig. 7). 
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Number of Exposures to Antibiotic 
Fig. 13 The rate of emergence of resistance to erythromycin A, erythromycin B, and 


) mixture of equal Weights of erythromycins A and B in 6 clones of Strain 14 Staph. aureus 
iring serial transfer on agar plates (Method 3) 


As with erythromycin, 6 strains of staphylococcus were adapted to olean- 
lomycin by serial transfer on agar plates which contained doubling dilutions 
if the antibiotie (Method 3). As shown in Fig. 10, all the strains were 
nitially more susceptible to erythromycin than to oleandomyein. With one 
xception (Strain 24), the cultures remained more susceptible to erythromyein 
ian to oleandomyein after adaptation. The rate and degree to which resistance 
» Oleandomycin became manifest varied considerably with the 6 strains. The 
eed with which resistance developed to erythromycin was approximated in 
ie ease of oleandomyecin; the differences seemed to be dependent more on the 
taphylococeal strains than upon the slight difference in the activity and 
ructure of the 2 antibioties. 

Serial Transfer Data With Antibiotics in Pairs. 

Oleandomycin plus erythromycin: Two strains (Nos. 9 and 14) of staphy- 
coeei were transferred serially in flasks of broth (Method 1) which contained 
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equal weights of erythromyein and the similar antibiotic, oleandomyein. The 
2 very susceptible strains had adapted readily to these antibiotics separately 
but surprisingly great difficulty was encountered in making them resistant 
to both antibioties simultaneously by this method. Strain 9 failed to grow on 
transfer in doubling concentrations. After several transfers at 0.02 meg. per 
milliliter the organism adapted to serial arithmetie increases in concentration of 
the 2 antibioties, resistance increasing from 0.01 to 0.16 mee. per milliliter in 12 
transfers and then increasing by doubling steps without any difficulty. Strain 
14 grew in 0.01 meg. per milliliter total concentration of the 2 antibioties and 
only after several unsuccessful attempts was it trained to multiply in 0.04 meg. 
per milliliter. Thereafter Strain 14 was easily adapted to successive twofold 
increases in antibiotic concentration (Fig. 5). 

Our next concern was with the effect of resistance to one of these anti- 
biotics upon the rate at which resistance might be induced to a mixture of 
erythromycin and oleandomyein. Strain 11, a staphylococcus naturally resist- 
ant to oleandomyein though fully susceptible to eryvthromyein, was easily adapted 
to suecessive doubling concentrations of erythromyein by Method 1. By the 
same technique, its resistance to erythromycin plus oleandomycin was quickly 
increased trom 0.01 to 1.28 meg. per milliliter in 7 twofold steps. Likewise 
subeultures of the susceptible Strain 14, which had been separately adapted 
to either oleandomyein or erythromycin, were quickly made resistant to a 
mixture of the 2 antibiotics. 

When the susceptible Strain 14 was exposed to serial broth dilutions 
(Method 2) of the antibiotic mixture, the result was somewhat different (Tig. 
6). Ifa relatively small population of bacterial cells (1:100 dilution of 18 hour 
broth culture) was exposed, little resistance developed at first but after 3 trans- 
fers resistance developed rapidly to the mixture, the rate being intermediate 
between that for oleandomyein alone (earliest resistance) and erythromyein 
alone (late resistance). When a large population (1:10 dilution) was used, 
resistance developed with equally great rapidity to oleandomyecin, erythromycin 
and the mixture of the 2 in early transfers but the rate seemed to deeline for 
the mixture after the third transfer (Fig. 7). 

Equally susceptible cultures of staphylococci may become resistant t 
antibioties at quite different rates. Six strains (Nos. 8, 12, 14, 19, 24, and 25 
were made resistant to a mixture of oleandomyecin and an equal amount o 
erythromyein by several transfers on agar plates which contained doubling 
dilutions of the antibiotic mixture. As shown in Fig. 10, most strains develope: 
resistance to the 2 drugs more slowly than they did to either antibiotie alon 
Strains 3 and 14 developed late resistance to the mixture. Strains 12 and 2 
showed very modest resistance to the 2 antibioties together and considerab! 
resistance to each alone. Strain 19 was a curious exception to the general rul 
becoming more resistant to the mixture than to either antibiotie alone. Strai 
97 


25 was not successfully adapted to increasing concentrations of the 2 antibiotic: 


‘ 
- 


but after the seventh transfer failed to grow in any antibiotic concentration an 
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thereafter, even the drug-free control plates showed no growth. This and other 
strains also failed to grow on some control plates after 7 or more transfers on 
erythromycin agar and rarely after several transfers on oleandomyein agar 
though true drug dependence was not proved. 

Vancomycin plus erythromycin: Resistance to a mixture of equal parts 
of these 2 antibiotics was induced in 2 strains (Nos. 9 and 14) of staphylococci 
by Method 1 in flasks of broth. Strain 9 did not adapt readily to doubling 
coneentrations of the mixture but it did grow when the antibioties were in- 
creased by arithmetic increments from 0.01 to 0.16 meg. per milliliter. There- 
after it quickly adapted to doubling increases of the 2 antibioties. Without 
delay, Strain 14 became resistant to twofold inereases from 0.01 to 40 meg. per 
milliliter in broth flasks. 


TABLE IIT]. Mutation Rate TO RESISTANCE TO VARIOUS ANTIBLOTICS IN A STRAIN OF STAPHY 
Lococceus AUREUS (14) 


CONCENTRATION 


ANTIBIOTICS (MCG./ML. ) MUTATION RATE* 
Erythromycin 0.9 2.9 x 10-11 
Erythromycin A OS 3.2 x 10-11 

0.9 2.0 «x 10-11 
Erythromyein B 0.9 5.5 x 10-11 
Oleandomyein 6.0 2.2 10-12 
y fs 3.4 x 10-12 
10.0 8.9 x 10-12 
Vancomycin 20.0 5.0 10-11 
Erythromycin 
erythromycin A 0.4 + 0.4 9.3 x 10-12 
Erythromyein +4 
erythromycin B 0.4 + 0.4 1.0 x 10-11 
Erythromycin 
oleandomycin 0.4 + 4.0 3.4 x 10-11 
Oleandomyein 
vancomyein 1.0 + 10.0 6.4 « 10-12 


*Average of 2 to 4 experiments. 


This experiment was repeated with 6 clones of Strain 14 using agar plates 
(Method 3). Only 1 of the sublines became fully resistant to 100 meg. per milli- 
liter vancomycin plus erythromycin, and this resistance developed late and rather 
abruptly after the ninth transfer (Fig. 4). One subline remained susceptible 
to 1.56 meg. per milliliter of the mixture after 14 transfers. The other 4 showed 
slowly developing resistance. In this experiment the presence of the less active 
vancomycin seemed to retard the emergence of resistance to the mixture of 
erythromycin and vancomyein. Though early, but temporary, resistance devel- 
oped to erythromyein alone, no resistance to vancomycin itself beeame evident 
in this experiment. 

Vancomycin plus oleandomycin: Similarly, resistance was induced in Strains 
9 and 14 to a mixture of equal parts of vancomycin and oleandomyein in flasks 
of broth (Method 1). Both strains were easily adapted to doubling increases 
of the antibioties from 0.01 to 20 meg. per milliliter in 11 transfers. 
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Vancomycin plus dihydrostreptomycin: By the same method (Method 1) 
Strain 
9 erew readily as the concentration was inereased by twofold steps from 0.005 
to 0.16 


erowth oecurred readily 


Strains 9 and 14 were adapted to vancomyein plus dihydrostreptomyein. 


mee. per milliliter; after failing to grow at 0.82 meg. per milliliter 


as the concentration was inereased by 5 arithmetic 
intervals from 0.08 to 0.64 mee. per milliliter. Strain 14 was adapted to dou- 
bling concentrations from 0.01 to 40 meg. per milliliter though growth was slow 


at 2 stages of adaptation (0.04 and SO meg. per milliliter). 
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Erythromycin plus dthydrostreptomycin: A mixture of these antibioties 
was emploved with the same method (Method 1) and strains. Strain 9 erew in 
0.005 and 0.0075 mee. per milliliter but on 2 trials failed to erow in 0.01 mee. 
per milliliter. Strain 14 was induced to grow in doubling amounts from 0.01 
to 5.0 meg. per milliliter although it was slow to adapt to an inerease from 0.08 
to 0.16 meg. per milliliter; the rate of adaptation was slower than for erythro- 
myein or dihyvdrostreptomycin alone (Fig. | 

By the plate method (Method 3) clones each from Strains 14 and 19 were 
made resistant to erythromycin plus dihydrostreptomyein, As shown in Fig. 
14, 2 clones of Strain 14 adapted readily but the third did not. The behavior 
of Strain 19 was erratie (Fig. 15). One clone showed fluctuating resistance 
at a high level and another varied at a low level of resistance, whereas a third 
developed a late, stable resistance of a high order. 

Oleandomycin plus dihydrostreptomycin: Strain 9 grew in 0.005 meg. 
per milliliter of oleandomyein and dihydrostreptomyein but was induced to grow 
in 0.0075 mee. per milliliter only after 3 trials. Thereafter it multiplied quickly 
as the concentration was increased from 0.01 to 0.64 meg. per milliliter in 6 
steps. Strain 14 grew in 0.01 meg. per milliliter and adapted to doubling 
amounts up to 20 meg. per milliliter. 

Mutation Rate to Resistance.—The mutation rate to resistanee to various 
antibioties in Strain 14 Staph. aureus is shown in Table IIL. The concentration 
of the antibioties was chosen by preliminary experiments with the same bacterial 
inoculum on agar plates so as to suppress growth partially but not completely. 
The mutation rate of resistance at a baecteriostatie concentration of the anti- 
biotie was in deseendine order of frequency as follows: erythromycin B 
(vreatest), vaneomyein, erythromyein A, and oleandomyein (least). It may be 
seen that in the ease of oleandomycin the mutation rate was not inversely pro- 
portional to the concentration, contrary to what one might expeet.  Further- 
more, the mutation rate was not ereatly reduced by mixing 2 antibioties in half 
their bacteriostatic concentrations, using either similar or dissimilar antibioties, 


except in the case of erythromycin plus eryvthromyein A, 


DISCUSSION 

The relatively slow rate at which resistance to penicillin ean be indueed 
in staphylococei by serial transfer is well known. It is usually attributed to 
infrequent mutations vielding variants of slight resistanee. The increase in 
resistance to penicillin is, therefore, gradual." The maximum level of re- 
sistance attained is often not high, perhaps because the resistant mutants grow 
slowly and have little vitality. It is also known that resistanee, which has been 
induced with penicillin in staphylocoeeci, is often temporary and is not associated 
with the induction of penicillinase.” 

We found that staphylococci were in most cases quickly adapted to neomyein 
in high concentrations without any visible alteration in their morphogenesis or 
growth. This observation was somewhat surprising. Neomyein has been used 


extensively in this and other hospitals for several years, yet resistance has 
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rarely been manifest in staphylococci isolated from patients. This faet might 
be the result of poor absorption of neomycin from the intestinal tract. It 
should be noted, however, that feeal staphylococci are seldom resistant to neo- 
mycin, even after neomyein is given orally for several days. It seems likely 
that the high feeal concentrations of the bactericidal neomycin may account for 
the infrequent resistance in intestinal staphylococci. 

Most workers have found that staphylococci ean be quickly adapted to 
high concentrations of streptomycin. This type of resistance in bacteria is 
so common with the antibiotie that it has been ealled the ‘‘streptomycin type.”’ 
An infrequent single step mutation to a very high level of resistance is generally 
thought to be the responsible mechanism. However, in the experiments reported 
here only one strain (No. 14) demonstrated uniform resistance of this type, 
whereas another strain (No. 19) showed fluctuating resistanee to dihyvdro- 
streptomycin during serial transfers. 

Resistance to vancomycin has been difficult to induce in’ staphylococci. 
Two strains transferred in broth showed slow adaptation in one case and more 
rapid but limited resistance in the other. No significant degree of resistance 
was induced in the latter strain during transfers on vancomycin agar plates 
in spite of the fact that agar appeared to lessen the activity of the antibiotie. 
The finding of limited induction of resistance of vancomycin is supported by 
the fact that staphylococci have not been found to become resistant during 
treatment with vanecomyein, 

Erythromycin is one of the more effective antibiotics used in staphylococeal 
infections. Unfortunately, susceptible staphylococci have often been replaced 
by resistant organisms during therapy, particularly during the treatment of 
open lesions in hospitals where the antibiotic has been used frequently. In 
1958 we found 21.6 per cent of 471 strains of pathogenic staphylococci isolated 
from infected lesions in our hospital were resistant to erythromycin. This is 
about the same frequeney which has been observed for the past 5 vears. Most 
strains of staphylococci are easily and quickly adapted to high concentrations 
of erythromyein in vitro. This is particularly true with strains which are 
resistant to oleandomyein or other antibioties similar in chemical structure to 
erythromyein. 

The rate at which resistance to erythromycin could be induced in staphylo- 
cocci appeared to be partially dependent upon several properties of the bacteria. 
These included the size of the baeterial population, pigment production, co- 
agulase and DNAse activity. The degree of erythromycin resistance which 
was induced on agar plates appeared to be limited by the occurrence of a 
partial dependence upon erythromyein, resulting in a slower rate of growth. 
The rate of development of resistance to erythromycin seemed to vary among 
different clones in some strains of staphylococci, a variation which seemed 
to be related in part, at least, to sampling variations inherent in the induction 
method. After many transfers on erythromycin agar, one strain (No. 14) was 
observed to become less resistant, perhaps as the result of reverse mutations. 
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The exact constituents of a preparation of erythromycin may also play a 
role in the rate at which erythromycin resistance may be induced in staphylo- 
cocci. Thus, resistance to erythromycin B was more readily induced than to 
the more active erythromycin A. Resistanee was easily induced to a mixture 
of equal parts of erythromyeins A and B, perhaps because the mixture had 
less activity than did erythromycin A alone, Cross resistance to erythromyecins 
A and B undoubtedly was partly responsible for the rapid resistance induced 
by the mixture of the 2. 

Resistance was readily induced with oleandomyein and there was no de- 
pendence or return to susceptibility. Though closely related in’ structure, 
oleandomyein did not induee eross resistance in all strains of staphylococci 
to erythromycin. Perhaps beeause it is more active, erythromyein usually 
induced cross resistance to oleandomycin. Occasionally staphylococci isolated 
from patients may be highly resistant to the one antibiotie and not to the other. 
Cross resistance was easily induced in such strains, hence the absence of eross 
resistance does not mean that adaptation is impossible. 

The main objective of the present study was to see if the addition of 2 
antibiotics in mixtures of equal concentration would retard adaptation of 
staphylocoeei to them. It is generally held that resistance is less likely to occur 
if 2 dissimilar antibioties are administered simultaneously. The use of oleando- 
mycin in such mixtures has been discouraged, because it might induce cross 
resistance to the more active related antibiotic, erythromycin. It was rather 
surprising therefore that in our experiments resistance appeared only after 
some delay in staphylocoeci exposed to oleandomyein and erythromyein in flasks 
of broth. Staphylococci that were resistant to either oleandomyein or erythro- 
mycin were easily adapted to the mixture of the 2, which indieates that delay 
in adaptation oceurs only when both drugs are independently active in retarding 
growth. Delay of adaptation to mixtures of the 2 similar antibiotics could be 
shown in doubling broth dilutions of antibiotie if relatively small numbers of 
staphylococei were exposed. This was not true with large populations, perhaps 
because mutations to double drug resistance were more frequent. The consider- 
able differences in the rate at which different strains of staphylococci became 
resistant to oleandomyein plus erythromyein appear to be the result of marked 
inherent differences in their capacity to resist. This capacity varied from an 
inability to adapt to an enhancement of resistance in the presence of the 2 
antibioties. The delay in resistance in some cases appeared to be, at least in 
part, the result of a frequent failure to grow in the absence of the antibioties 
after several transfers under their influence. 

Inhibition of the adaptation phenomenon was more easily demonstrated 
with combinations of quite dissimilar antibiotics. Thus the additien of the 
less active antibiotic, vancomyein, to erythromycin significantly delayed re- 
sistance in staphylococci to erythromycin. Perhaps the result refleets the 
rather slight capacity of staphylococci to adapt to vancomyein per se. Oddly, 
vancomycin failed to retard resistance to oleandomycin. Vancomyein added 
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to dihydrostreptomyein delayed adaptation at some concentrations, but onee 
staphvlocoeei were adapted at these levels resistance could usually he rapidly 
induced, 

A combination of erythromyein with dihydrostreptomyein gave somewhat 
erratic results. Resistance was retarded with some strains and some concentra- 
tions but not with others. Others have reported more sueeess in delay of 
resistance with this combination.'' The original susceptible strains showed less 
capacity to grow in the antibiotic mixture than with either drug alone. Similar 
results were obtained with oleandomyein plus dilivdrostreptomyvein. 

The studies of mutation rates to double drugw resistance ean be regarded 
as being only preliminary since only one strain of staphyloeoeeus and a limited 
number of antibioties were used. The experience of Treffers'? was confirmed, 
in that mutation rates could be determined quite precisely, whereas transfer 
data gave only a erude index of the eapacity of the staphylococci to adapt to 
antibiotics. Mutation rates are not difficult to determine, but the size of the 
bacterial population must be carefully adjusted and the mutation rate in any 
one experiment is known only for the one (bacteriostatic) coneentration of anti- 
biotie which one chooses to test. The calculation of the mutation rate has been 
the subject of some controversy. We have chosen to use the rather simple 
“negative tube’’ procedure (Formula 1) of Luria and Delbriiek.“* ” 

Strangely, the mutation rate to resistance was not found to be direetly 
proportional to the concentration of oleandomycin, This might reflect some 
error in the method but could also refleet the characteristics of the bacterial 
strain and the antibiotie. Only in the case of erythromycin plus erythromyein 
A was the mutation rate lower for antibiotic pairs than for the individual 
antibiotics. This aspect of the problem deserves further study. If the observa- 
tion were confirmed, one might question the modus operandi of antibiotic 
combinations in patients with staphylococcal infections, particularly since there 
is little evidence of synergistic enhancement of growth inhibition in vitro with 
such combinations.®: !” 

Very little is known as to the effect of antibiotic combinations upon the 
adaptation of staphylococci to antibioties in human beings. Lepper and others! 
administered spiramyein and novobiocin simultaneously to a group of patients 
in a hospital over a period of 6 months beginning 4 months after a period in 
which spiramyein had been used alone. Nose and throat cultures were examined 
for staphylococci and appeared to show a delay in resistance for only about 2 
months with the antibiotie combination. Previous use of the closely related 
ervthromyvein, however, may have reduced the effectiveness of the less active 
spiramyein. 

Barber and co-workers? used antibiotie combinations for 6 months in a 
large hospital. Susceptibility tests were performed on the staphylococeal 
isolates. Evidence of cross resistance to erythromyein and chloramphenicol 
was unexpectedly found. There was no evidence of cross resistance between 


erythromycin and novobioein, a combination favored by the authors. 
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SUMMARY 


1. The rate of emergence of resistance to various antibioties was measured 
for 15 strains of virulent staphylococci. Three methods were emploved: serial 
transfer in flasks of antibiotie broth, transfer in doubling dilutions of anti- 
biotic broth tubes, and transfer on agar plates containing the antibioties. The 
antibiotics were tested either singly or in paired combinations and ineluded 
penicillin, dihyvdrost reptomyvein, ervthromyvein, oleandomyein, neomyein, and 
vancomycin, Mutation dates for antibiotic resistance were also measured by 
the negative-tube procedure of Luria and Delbriick. 

2. Transfer data gave a erude measure of the eapacity of staphylococci 
to develop resistance to antibiotics. The results were influenced by such variables 
as the concentration of antibiotic, the activity of the antibiotic, the medium 
employed, size of the bacterial population, time of bacterial exposure to the 
antibiotic, bacterial sampling techniques, variation between bacterial strains, 
and variation in bacterial clones within a strain. 

3. Resistance to penicillin developed slowly on transfer and reached a 
moderate level. It was limited by the appearance of small colony variants 
whieh grew slowly on laboratory media. Most strains of staphylococei were 
quickly adapted to high concentrations of neomyein and dihyvdrostreptomyein 
Without any change in morphogenesis, staining, or growth rate. Resistance to 
vancomyein was induced quite readily in one strain in broth but only slowly 
in another strain. No resistance to vaneomyein emerged during transfer on 
agar plates. Adaptation to ervihromyvein oecurred quickly with some virulent 
strains of staphylococci but not with others. Some strains of staphylococei 
grew erratically on agar plates after several transfers on erythromycin agar, 
although complete antibiotie dependence was not evident. Variations in the 
rate of adaptation to erythromyein were also shown between elones within a 
virulent strain. Furthermore, the rate at which resistance developed to erythro- 
myein A was often quite different than for the less active erythromycin B. 
Oleandomycin-resistant strains quickly became adapted to erythromyein, to 
Which antibiotie oleandomyein is chemically related. Most strains of susceptible 
staphylococci beeame quiekly resistant to oleandomyein on serial transfer. 

4. The combination of equal weights of erythromycin and oleandomyein 
delaved the emergence of resistance in most strains of staphylococci upon serial 
transfer. Vaneomyein also retarded adaptation of staphylococci to erythro- 
myein, as expected. Vaneomyein also seemed to delay resistance to dihydro- 
streptomyein but it had no such effect on resistance to oleandomyein, Resistance 
to erythromycin plus dihydrostreptomyein usually developed at a slower rate 
than to either drug alone. Oleandomyein-dihydrostreptomyein mixtures delayed 
the emergence of resistance on serial transfer but the rate of adaptation was 
rapid after a few transfers. 

5. Preliminary studies of mutation rates to resistance to antibioties with 
a virulent strain of staphyloecoecus had some surprising results. The mutation 
rate was not closely related to the rate at which resistance emerged on serial 
transfers. At bacteriostatic concentrations of antibiotics the mutation rate was 
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inversely proportional to the concentration required to inhibit: staphylococeal 
erowth. Mixtures of the antibioties in half the minimal bacteriostatie con- 


centration did not markedly reduce the mutation rate, except in the case of 
erythromyein plus erythromyein A. 


The technical assistance of Miss Marilyn J, Johnson, Harold Elliott, Alan Johnson, 


and Robert Johnson is gratefully acknowledged. 
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KEFFECT OF HEMORRHAGIC SHOCK UPON THE 
PROPERDIN SYSTEM OF THE DOG 
MattrHew N. Levy, M.D., BENJAMIN BLATTBERG, M.A., 
AND JAMES L. Bartow, PH.D. 

(CLEVELAND, OHIO, AND ALBANY, N. Y. 


The adverse ctfheet of shock on immune responses Was studicd by the 
measurement of complement and phage neutralization titers in the serum of dogs 
subjected to standardized hemorrhagic shock. Phage neutralization is believed 
to be de pendent on the prope rdin system, Compl ment levels were not appre ciably 
affected. No significant change mn phage neutralization titer was observed during 
the oligemie phase of shock, but during the posttransfusion period these le vels 


declined progre ssively to reach values just prior to death of about one half of 
the control levels. Ep. 


KCENT studies have demonstrated that animals subjected to hemorrhage or 

other shock inducing procedures have a lowered resistance to certain bae- 
teria and toxins.' A possible correlate of this lowered resistance is a reduction 
in the plasma protein, properdin, a factor which may play an important role 
in natural immunity.* Using the zymosan assay method, Frank and co-workers*® 
have reported a significant reduction in properdin levels after hemorrhage. 

An alternative method for studying this immunologie mechanism has been 
developed on the basis of bacteriophage neutralization.£ Fresh sera can in- 
activate T2-phage infections of Escherichia coli. A complete analysis of all 
the factors responsible for this inactivation has not been worked out, but it has 
heen demonstrated® © that phage neutralization is dependent upon the proper- 
din system defined by Pillemer and co-workers.? Although it must be recognized 
that there is still some question as to whether the phage neutralization technique 
assays the identical component as that of the zymosan technique, the phage 
neutralization method has several distinet advantages: (a) it is more sensitive 
to changes in properdin concentration; (b) it is not affected by the levels of 
heparin normally used as an anticoagulant in hemorrhagie shock studies; and 
¢) it is more readily inhibited by certain lipopolysaccharides of mammalian 
rigin.© In the present study, changes in the properdin system in the sera 
f dogs subjected to a standardized bleeding procedure were investigated with 
the use of the phage neutralization technique. 


MATERIALS AND METHODS 


Ilemorrhagie shock was produced in 6 unanesthetized dogs by a procedure similar to 
hat employed by Frank and collaborators. Each animal was premedicated with morphine 
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(2 mg. per kilogram). One pair of femoral vessels was cannulated under local procaine 
anesthesia, with aseptic precautions. Heparin was administered intravenously to prevent 
clotting. Mean arterial pressure was measured by a damped mercury manometer, 

After a control period of 15 to 20 minutes, the animal was bled into a sterile graduated 
eylinder until a mean blood pressure of 30 mm. Hg was attained. It was maintained at 
this level by means of a pressure regulator which has been previously deseribed.? The volume 
of blood within the reservoir was reeorded at frequent intervals. Charaeteristically, this 
volume would increase for a certain period of time, after which the animal would begin to 
take blood back from the chamber, The reservoir was swirled gently at frequent intervals 
to prevent settling of the erythrocytes. After 40 per cent of the maximum bleeding volume 


had returned spontaneously to the animal, the remaining blood was rapidly reinfused. 
Blood pressure was then observed for several hours, usually until the death of the animal. 

Two arterial blood samples were withdrawn, 10 minutes apart, during the control 
period. Subsequent samples were taken at intervals of approximately 1 hour during the 
oligemie phase of the experiment. A sample was withdrawn immediately upon completion 
of the rapid transfusion of the remaining 60 per eent of the maximum bleeding volume, 
and at approximately 1 hour intervals thereafter. A> final sample was obtained just) prior 
to death. 

Two additional experiments were conducted to control the effeets of morphine. Blood 
samples were obtained at intervals of approximately 4%, 4, and 74% hours after the sub 
cutaneous injection of morphine sulfate (2 mg. per kilogram). These animals were subjected 
to no blood loss other than the negligible volumes removed for analysis. 

All blood specimens were centrifuged immediately after collection. The plasma was 
separated and kept at O° C. until after the completion of the experiment. They were 
then coded and placed in a Deepfreeze until the assays for phage neutralization and com 
plement eould be earried out. 

The phage neutralization titer was assayed by the method previously described. 
The activity is expressed in terms of 50 per cent neutralizing units per milliliter of undiluted 
plasma (Ph.N,,). Complement was measured by the method of Osler and associates, and 


Is expressed in terms of 50 per cent hemolvtie units per milliliter of undiluted plasmic ca 
RESULTS 


The hemodynamie responses to hemorrhage of the 6 animals in this series 
were quite similar to those previously reported in animals subjected to the 
same shock inducing procedures.” After the rapid initial hemorrhage, the 
bleeding volume continued to increase gradually until the maximum volume was 
attained after an interval of 69.8 + 28.6 minutes (mean + 8.D.). The maximum 
bleeding volume averaged 63.1 + 9.5 ml. per kilogram body weight. A gradual re 
turn of blood from the reservoir followed. Forty per cent of the maximum bleed 
ing volume was taken back by the animal in 211 + 87 minutes after the inception 
of hemorrhage in 5 animals. The sixth animal (represented by the solid 
triangles in Fie. 1) died suddenly 296 minutes after the beginning of hermor 
rhage. At this time, the volume of blood in the reservoir was still 84 per cent 
of the maximum value. 

The hematocrit ratio tended to diminish early in the bleeding period 
Toward the end of the bleeding period, however, it began to rise, and continued 
its ascent during the posttransfusion phase. Thus, the hematoerit level ros: 
from a mean control value of 46.5 + 5.3 per cent to a preterminal value o! 
o8.2 + 5.4 per cent. 
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The control mean arterial pressure prior to hemorrhage averaged 109 mm. 
He (range, 95 to 125 mm. He). The changes in blood pressure after rapid 
transfusion of the remaining 60 per cent of the maximum bleeding volume are 
illustrated in the upper right quadrant of Fig. 1. In 4 of the experiments, 
there was a progressive deeline in pressure, with death ensuing an average of 
163 minutes (range, 73 to 271) after the beginning of transfusion. In a fifth 
experiment, represented by the open cireles, the pressure was maintained at 
normal levels for more than 3 hours after transfusion. To provide the best 
possible ehanee for survival, the incision in the oro was closed aseptieally, 
and the animal was returned to its eage. It died during the night, however. 
The sixth animal (solid triangles) died during the 30 mm. He period, as 
mentioned above. 





l20- 





80F 


40- Pg 








120 


80 


40 

















l 
-§ -4 -3 -2 -| 0 | 2 3 4 5 
TIME (hours) 


Fig. 1 The changes in mean arterial pressure (Pa) in mm. Hg, and phage neutralization 
titer (P.N.) in per cent of the control value, during hemorrhagic shock. Mach experiment is 
represented by a distinctive symbol. Zero time Crepresented by the vertical line in the center 
f the graph) is taken as the time of transfusion of the remaining reservoir blood. The 
encircled points indicate the time of inception of hemorrhage in each experiment. 


The phage neutralization data are presented in the lower half of Fig. 1. 
Mor comparative purposes, all values are expressed in terms of per eent of 
‘ontrol values. The average control level was 26.0 + 11.3 units per milliliter. 
‘ontrol samples were drawn in duplicate, 10 minutes apart, and coded. The 
xeellent reproducibility of this assay is affirmed by the faet that in 3 experi- 
ents, duplicate control values were identical; in 2, they differed by only 1 
init; and in the remaining experiment, they differed by only 2 units. 

During the hypotensive period, some random variations occurred in the 
hhage neutralization titer; but, in general, there was no significant directional 
hange during this period. The titer averaged 82 per cent of control (21.3 + 
units) 1 hour after the inception of hemorrhage. At the end of the hypo- 
nsive period, the mean titer was virtually identical with the control (25.7 + 
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12.4). Approximately 7 minutes after reinfusion of the remaining blood, no 
appreciable alteration was evident in the phage neutralization level (25.0 + 11.2). 
However, the titer diminished progressively during the posttransfusion period. 
The level in the samples drawn just prior to death was 13.6 + 8.6 units. Even 
in the experiment in whieh the animal appeared to be recovering (open cireles), 
the titer dropped precipitously from a posttransfusion level of 131 per cent 
of control to a preterminal value of 19 per cent 187 minutes later. Despite 
a blood pressure of 105 mm. He at this time, the animal failed to survive through 
the night after the experiment. 

In the two control experiments, the phage neutralization titer did not 
vary by more than 1 unit during the 7.5 hours of observation. 

Aliquots from each blood sample were also used to measure the serum 
complement level. Similar to the findings of Frank and associates,’ the c¢om- 
plement titer remained quite constant in most animals. In the experiment 
which terminated prior to reinfusion, no appreciable changes in complement 
levels were observed. In the 5 remaining experiments, the mean control titer 
was 27.0 + 7.2 units per milliliter. The mean preterminal level was 21 per cent 
lower (21.4 + 5.0 units per milliliter). However, this deeline occurred within 
the first hour of hemorrhage (21.4 + 5.1) and it remained constant throughout 
the remainder of the experiment. 

DISCUSSION 

The diminution in the phage neutralization titer observed in these experi- 
ments is an additional indication of the impairment of the immunologic defense 
mechanism in hemorrhagie shock.' Since phage neutralization is dependent 
upon the properdin system, the results of these experiments may be interpreted 
in terms of the reduction of properdin titer which was previously observed 
by Frank and associates.“ The results of the present experiments were similar 
in most respects. The major difference is the time of occurrence of the reduction 
of immune substances. The properdin titer diminished during the hypotensive 
stage in the study performed by Frank and collaborators. In the present 
series, however, the phage neutralization titer remained constant during this 
interval, and declined in the terminal stages, after transfusion had been eom- 
pleted. At present, it cannot be ascertained whether this discrepancy implies 
that the zymosan and phage neutralization assays reflect changes in 2 distinct 
reactions,‘ in 2 related reactions (P, and P,), or that the decline of properdin 
is simply postponed until after transfusion in the present series for some 
unknown reason. It is possible that either the 2 assays have different sensitivities 
to various factors or that the factors themselves are differently depleted by 
hemorrhagie shock. 

SUMMARY 

The complement and phage neutralization titers of the serum were measured 
in dogs subjected to a standard hemorrhagie shock procedure. Complement 
levels were not appreciably affected. No significant change in the phage neutral- 
ization titer was observed during the oligemie phase of shock. During the post- 
transfusion period, however, the phage neutralization titer declined progressively 
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and, just prior to death, attained average values of about one half the control 
levels. These findings provide additional evidence that the immune responses, 
probably the properdin system, of the organism are adversely affected during 
shock. 

We express our appreciation for the assistance and guidance provided by Drs. Helen 


Van Vunakis and Lawrence Levine. We would also like to thank Mr. Robert Delaney for 


performing the complement assays. 
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EFFECTS OF CARRIER DIODRAST ON EXCRETION OF 
I LABELED DIODRAST 
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With THE TECHNICAL ASSISTANCE OF VALENTINE BIKERMAN 


After the administration of I'31-labeled Diodrast} (iodopyracct), there was 
significant hepatic uptake and retention of the labeled material which interfered 
with the evaluation of function of the two kidneys by an external monitoring 
technique. The prior administration of carrier, or unlabeled, Diodrast (1.0 Gm.) 
eliminated hepatic uptake of 11%1-labeled Diodrast and increased its renal exere 
tion approximately twofold. Curves of renal uptake and excretion obtained by 
external monitoring provided indices of renal function which were not dependent 


on accurate urine collections. 


ILERE have been several recent reports of the use of I'*!-labeled Diodrast 

with external monitoring over the renal areas for clinical studies of renal 
function.2° It has been noted that the liver, in addition to the kidneys, takes 
up and exeretes [*'-labeled Diodrast; for this reason the radiation detectors 
have been positioned to avoid the hepatie area.® * 

The present study is concerned with the effects of added stable or carrier 
Diodrast on the renal and hepatie uptake and excretion of I'*'-labeled Diodrast 
and evaluates the use of earrier Diodrast in conjunction with I'*'-labeled Dio- 
drast in measuring renal function by an external monitoring technique. 


MATERIAL AND METHODS 


Forty studies of 1121-labeled Diodrast excretion were performed on 19 young men 
with no history of cardiovascular or renal disease. Studies usually extended over 1 half- 
hour period, Additional observations pertinent to the present study, made in patients 
with essential hypertension, are also included in this report; the clinical data for these 
patients are published elsewhere. 

The usual dose of 1131-labeled Diodrast was 20 we, which contained less than 1.0 
ug of chemical Diodrast. When carrier Diodrast was used, the usual dose was 1 Gm, All 
doses were given as single intravenous injections. Urine samples were obtained by having 
the patient void; the plasma samples were obtained by venipuncture using heparinized 
syringes. 
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For external monitoring of renal radioactivity, two collimated NaI(T1) scintillation 
detectors were directed at the renal areas normal to the skin surface of seated subjects 
(Fig. 1). The radioactivity of one renal area, either right or left, was measured by a 
count rate meter and recorded on one side of a dual linear recorder.* The pulses from 
both detectors were passed to a ratiometer} and the ratio of the radioactivity of one 
renal area to the radioactivity of both renal areas was recorded on the other side of the 
dual linear recorder. 


By simultaneously averaging and comparing the counting rates of the separate renal 
areas, the ratiometer provided a statistically valid comparison of the two counting rates 
immediately, without the necessity of subsequent comparison of separate recordings. The 
ratio of one counting rate to the sum of both counting rates was recorded on a seale of 
0 to 1; when the counting rates were equal, therefore, the scale reading was 0.5, which 
indicated that 50 per cent of the total radioactivity present was in each renal area, The 
ratio of the radioactivities in the two kidneys was expressed as the ratio of the per- 
centage in one kidney to the percentage in the other kidney. 

To evaluate the counting characteristics of the renal detectors, a simulated model of 
the kidneys was constructed with glass flasks. 

For external monitoring of hepatic radioactivity, a NalI(T1) scintillation detector 
with a lead shield, collimated to avoid the gall bladder, was pressed against the antero- 
lateral surface of the right side of the chest of the seated subjects; the pulses passed 
through a count rate meter and were recorded directly on an Esterline-Angus recorder.9 

Radioactivity of samples which contained I151!-labeled Diodrast was measured in a 
well-type Nal(T1) scintillation counter, Chemical concentration of 1131-labeled Diodrast was 
ealeulated from the specifie activity of the dose used. 


TABLE I 


COLUMN] ‘ 

















COLUMN 2 
1131-LABELED DIODRAST ALONE | 1131-LABELED DIODRAST AND CARRIER DIODRAST 
{ MAXIMUM | MAXIMUM 
RATIO* AT SUBSEQUENT RATIO* AT SUBSEQUENT 
SUBJECT PEAK UPTAKE RATIO* | SUBJECT | PEAK UPTAKE RATIO* 
A.D. 54:44 60:40 G. E. 50:50 50:50 
©. ae 60:40 60:40 G. E. 54:46 54:46 
K. F. 60:40 64:36 L. L.t 50:50 52:48 
S. F. 52:48 60:40 E. B. 50:50 50:50 
M. H. 56:44 66:34 EK. Ho. 48:52 46:54 
D. 3. 50:50 60:40 Db. 50:50 54:46 
G. K. 52:48 60:40 E. Ha. 50:50 50:50 
M. L. 50:50 64:36 | as 52:48 54:46 
D. L. 52:48 74:26 N. L. 44:56 48:52 
BD. 50:50 64:36 P.G. 48 352 48 :52 
J. 50:50 54:46 R. N.t 50:50 50:50 
S. M. 68:32 72:28 S. G.t 52:48 52:48 
J. M. 60:40 60:40 A. B.t 56:44 50:50 
J. M. 64:36 64:36 A. G.t 52:48 50:50 
C. M. 52:48 60:40 G. 5. 50:50 50:50 
L. 8. 52:48 72:28 L. 8S. 48:52 50:50 
K.S. 58:42 66:34 K.S 50:50 54:46 
K.S8. 50:50 58:42 
K.S. 58:42 68:32 
K.S8. 48:52 60:40 
Average 56:44 64:36 Average 50:50 50:50 





*Right renal radioactivity (per cent) per left renal radioactivity (per cent). 
+Essential hypertension. 


*Houston Technical Laboratories, Houston, Texas. 
+Baird Atomic Associates, Cambridge, Mass. 
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RESULTS 
Effects of Carrier Diodrast on Renal and Hepatic Uptake of T'*'- Labeled 
Diodrast.—Atter the injection of I'*!-labeled Diodrast alone, there was a rapid 
uptake of radioactivity in the renal areas. With subsequent excretion of I'*'- 
labeled Diodrast, there was an initial fall-off, followed by a plateauing of the 
renal activity. In all cases, radioactivity in the right kidney area appeared to 
be greater than that in the left throughout the period of study (Fig. 2). Such 
apparent right dominance varied in a ratio (right:left) from 54:46 to 74:26, 
and averaged 64:36, or an average of 64 per cent of the total renal radioactivity 
appeared to be in the right kidney area (Table 1, Column 1). 








Fig. 1.-—-Diagrammatic cross section to show liver and kidneys in relation to the moni 
tored areas, Percentages indicate isocount determinations related to counts obtained im 
mediately at the opening of the shield at the periphery of each shaded area. 

Monitoring over the liver showed persistent hepatic radioactivity after an 
initial uptake. This persistence of hepatic radioactivity with decreasing renal 
radioactivity resulted in an apparently more marked dominance in the right 
renal area in the ratiometer tracing. After a subsequent injection of stable 
Diodrast, liver radioactivity decreased, a secondary rise in renal radioactivity 
was observed, and the apparent right renal dominance disappeared (Fig. 2). 

Administration of stable Diodrast prior to the administration of I'*!-labeled 
Diodrast diminished hepatie uptake of I'*'-labeled Diodrast and apparent!) 
abolished hepatie retention. Renal uptake of I'*'-labeled Diodrast was ap 
parently augmented and there was less plateauing in the renal excretory phase 
Little shifting of the ratiometer was seen (Fig. 3). When I'*!-labeled Diodrast 






was administered after a preliminary liver blocking dose of carrier Diodrast 
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Fig. 2.—Simultaneous monitoring of the kidneys and liver, after 
I-labeled Diodrast alone. The liver and kidney tracings are direct 
ing rates in the monitored areas. Where the 
ratiometer tracing is in the midline. 
radioactivity in the right renal area 


administration of 
recordings of the count- 
separate kidney counting rates are equal, the 
In this tracing an upward deflection indicates greater 
than in the left. 
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Fig. 3.—Simultaneous monitoring of the kidneys and liver, after I-labeled Diodrast 

ven after a carrier dose of stable Diodrast. Liver radioactivity is diminished by prior 

{ministration of carrier Diodrast, and there is little shift in the ratiometer tracing. Same 
ibject as in Fig. 2. 
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the ratio of right to left renal radioactivity ranged from 44:56 to 54:46, aver- 
aging 50:50 (Table I, Column 2). Several subjects were studied with and 
without carrier Diodrast to demonstrate these effects in the same individuals 
(ID. IL, LS... and K.S., Table 1). 


Effects of Carrier Diodrast on Plasma Fall-off of I'’'-Labeled Diodrast. 
With I'*'-labeled Diodrast alone, there was an initial rapid fall-off of plasma 
radioactivity, followed within 20 minutes by a plateauing at calculated plasma 
concentrations of 1.0 ne per cent, temporally related to the plateauing noted 
in renal radioactivity. When earrier Diodrast was administered during this 
plateau, a second rise in plasma radioactivity was observed, temporally related 
to the secondary rise in renal radioactivity and to the decrease in hepatic radio- 
activity (Fig. 4). 
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Fig. 4.—Effects of carrier Diodrast on I-labeled Diodrast plasma disappearance. The 
increase in plasma I!-labeled Diodrast after administration of carrier Diodrast coincided 
with the secondary increase in renal radioactivity and decrease in liver radioactivity (cf 
Fig. 3). 

Effects of Carrier Diodrast on the Urine Excretion of I'8! Labeled Dio 
drast.—The 30 minute exeretion of I'*!-labeled Diodrast, administered alone as 
a single dose to well-hydrated subjects, ranged from 25 to 60 per cent, averag- 
ing 41.6 per cent of the injected dose. In dehydrated subjects, the exeretion 
ranged from 34 to 43 per cent, averaging 37 per cent. When earrier Diodrast 
was administered prior to I'*!-labeled Diodrast, the 30 minute urine excretion 
in well-hydrated subjects ranged from 53 to 90 per cent, averaging 71.5 pet 
cent. In similar dehydrated subjects, the excretion ranged from 49 to 71 per 
cent and averaged 64 per cent (Fig. 5). 

The Influence of Background Radioactivity on Renal Monitoring—Approx 
imately 20 minutes after the injection of I'*'-labeled Diodrast alone, the plateau- 


ing of radioactivity in the renal area included a significant degree of tissu 
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TABLE I] 
HYDRATED DEHYDRATED PITRESSIN 
Ti,* Tl, Ti, l TY, TY, Tl, 
SUBJECT UPTAKE EXCRETION UPTAKE EXCRETION UPTAKE EXCRETION 
Bab 67 210 
2 hours later 65 230 
L day later 65 235 
+ davs later 63 190 
Kim 59 200 
3 days later 61 420 
1 hour later 60 {80 
3 months later 60 112 
1 hour later 60 107 
Lau 60 190 
1 hour later 61 180 
Lab 70 190 
1 hour later 61 180 
Kis 61 185 
1 month later 61 282 
Cas 78 "10 
3 days later S0 250 
Zach 62 140 
3 days later 62 185 


*Half-life. 


background radioactivity, as shown by the plasma sampling. To evaluate this 
background radioactivity, kidney models were constructed of two glass flasks 


which contained unequal concentrations of I’. When these were placed in 
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__ Fig. 5.—Effects of carrier Diodrast on I"'-labeled Diodrast excretion. Several subjects 
nitials) were studied under different conditions. Dehydration had little effect on the 30 
inute urine excretion of I-labeled Diodrast compared with the effect of carrier Diodrast. 
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front of the detectors, a ratio of 80:20 was obtained (Fig. 6). The subsequent 
addition of a third container of I'*', ‘‘seen’’ by both detectors equally to simu- 
late tissue background radioactivity, decreased the difference between the 
‘*kidneys’’ to a ratio of 68:32. When the kidney models were permitted to 
empty at equal rates, thereby decreasing their radioactivities relative to the 
tissue background radioactivity, observed differences between kidneys became 


even less (Fig. 6). 
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Fig. 6 The influence of tissue background on differences in renal radioactivity demon- 
strated by kidney models. The two “kidneys” contained unequal amounts of I! throughout, 
with no alteration in the relative amounts of I"™ contained in the models. A high back- 


ground radioactivity diminished the relative differences between the “kidneys.” This became 
increasingly evident as “kidney” radioactivity fell. 


The Rate of Renal Uptake of I'*'-Labeled Diodrast With Carrier Dio- 
drast.—After the administration of I'*'-labeled Diodrast, immediately after car- 
rier Diodrast, renal radioactivity in the excretion phase could be plotted on 
semilogarithmie paper to obtain a rate of exeretion (half-life excretion). This 
slope of excretion could be extended to the ordinate and the difference between 
this slope and the uptake curve could be plotted to derive a rate of uptake 
(half-life uptake; Fig. 7). Half-life uptake was quite reproducible (Table II). 
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Fig. 7.—Determination of half-life uptake and half-life excretion. An exponential slop 


for excretion of 1"'-labeled Diodrast after administration of carrier Diodrast could be plotte: 
on semilogarithmic paper. This slope could be used to derive a rate of renal uptake of I! 
labeled Diodrast. 
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In subjects who were studied in both the hydrated and dehydrated state, a 
low urine flow prolonged half-life exeretion. In one subjeet, Pitressin did not 
alter half-life uptake, although half-life exeretion was inereased. 


TABLE III 


TY UPTAKE Ty EXCRETION 
SUBJECT (SEC, ) (SEC. ) 
R. T., at rest 15 185 
painful stimulus 47 260 
P. W., at rest $7 190 
painful stimulus 73 380 
J. B., at rest 67 170 
painful stimulus 100 480 
JC., at rest S7 380 
painful stimulus 100 430 
D. C., at rest 0) 250 
painful stimulus 180 


Several anxious patients reacted strongly to the stimulus of venipuncture 
or the test situation. Rates of uptake and exeretion of I'*'-labeled Diodrast 
under such conditions were prolonged when compared with the results of tests 
in the same patients when they were not subject to stress (Table IIT). The 
influence of these factors is illustrated in the direct tracings recorded at rest 
and during a mild syneopal attack in the same subjeet (Fig. 8). 
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Fig. 8.—Kffect of syncope on I"!-labeled Diodrast tracings. Continued renal uptake of 
labeled Diodrast with little excretion was seen during syncope compared with the direct 
‘idney tracings obtained at rest in the same subject. 

DISCUSSION 

Although the kidneys rapidly excreted a major portion of I'*!-labeled 

iodrast given alone, the liver also took up and retained a significant amount. 
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The effect of liver radioactivity on the reeording of renal radioactivity was 
greater on the right than the left to a quantitatively unpredictable degree, con- 
sistent with the anatomie asymmetry of the liver and its more intimate rela- 
tionship with the right kidney, which prevented accurate evaluation of the 
separate kidneys when I'*!-labeled Diodrast alone was used. Preliminary ob- 
servations indicated that hepatie uptake of I'*'-labeled Diodrast occurs at spe- 
cific binding sites, inasmuch as a variety of organie iodides and substances trans- 
ported by the liver do not flush I'“!-labeled Diodrast from the liver as does 
Diodrast.? It was also apparent from common bile duct collections, as well as 
external monitoring data, that the rate of hepatie exeretion of I'*'-labeled Dio- 
drast is considerably slower than that of the exeretion by normal kidneys. 
The presence of specific binding sites and the slow rate of excretion apparently 
make it possible to saturate the hepatie transport system for I'*'-labeled Dio- 
drast with a 1.0 Gm. dose of carrier Diodrast and thus to prevent significant 
hepatie uptake of I'*!-labeled Diodrast. 

Carrier Diodrast in doses of 1.0 Gm. almost doubled the 30 minute exere- 
tion of I-labeled Diodrast, not only because of blocking of hepatie uptake 
of I'-labeled Diodrast, but also because of saturation of plasma protein and 
possibly other peripheral binding sites.’ '! This is in contrast to a previous 
study in which carrier Diodrast decreased the exeretion of I'*!-labeled Diodrast, 
presumably because doses which exceeded tubular maximum for Diodrast 
were used.® 

The effect of carrier Diodrast in inereasing the urinary excretion of 
I'*-Jabeled Diodrast becomes of practical importance if external monitoring 
techniques are used, in that it results in a decrease in tissue background 
radioactivity relative to renal radioactivity. Signifieant funetional differ- 
ences between the kidneys may become evident during the excretion phase’ 
and the experiments with the model kidneys would indicate that a high back 
ground may obscure such differences. 

Derived values for half-life uptake of I'*'-labeled Diodrast given with 
carrier Diodrast were reproducible in the same subject and were independent 
of urine flow. Such measurements may provide information comparable t: 
conventional clearances and be of particular value when variations in urin 
flow or difficulties in urine collections limit the accuracy of clearance tech 
niques. Factors which alter urine flow, however, influence calculated rate 
of half-life exeretion, which is of particular interest in patients studied fo 
unilateral renal disease.* As might be expected, emotional or other stimu! 
which influence renal hemodynamics may affect the results of I'*'-labele 
Diodrast studies. 


SUMMARY 


l. Hepatic uptake and retention of I'*!-labeled Diodrast is obviated b 
carrier Diodrast. 


2. Renal excretion of I'*'-labeled Diodrast is increased by carrier Diodras 
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5. Caleulated rates of renal uptake and exeretion of ['*!-labeled Diodrast 
given with carrier Diodrast offer useful indices of renal function which do not 
require accurate urine collections, 
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STUDIES ON OSMOTIC FRAGILITY OF HUMAN BLOOD PLATELETS 
Ill. NoRMAL AND PatrHOLOGIC VALUES 


ID). NELKEN, M.D., N. GitBoa, M.Sc., ANp J. GQUREVITCH, M.D. 
JERUSALEM, ISRAEL 


The osmotic fragility of human platelets in hypotonic sodium chloride 
solutions was studied on the basis of morphologic change and release of the 
enzyme pyrophosphatase. Ranges of values were obtained on 50 platelet samples 
from normal individuals between 5 and 60 years of age. By this test, platelets 
from patients with idiopathic thrombocytopenic purpura manifested increased 
fragility; those from patients with thrombopathy showed decreased fragility. 

Ep. 


N TWO recent articles’ * we reported on the osmotic fragility of thrombocytes 

and deseribed the changes in their morphologic appearance in various hypo- 
tonie sodium chloride solutions, as observed through the phase contrast micro- 
scope and the electron microscope. The two main morphologic changes were the 
platelets with the swordlike protrusions and the platelet ghosts. 

In the present study it has been attempted to establish the normal range 
of changes in the morphologie appearance of the platelets and the release of 
enzymes into the different hypotonic sodium chloride solutions. Furthermore, 
this has been applied as a test to study the thromboeytes of patients suffering 
from various hemorrhagie disorders, in order to investigate whether these 
platelets differ from platelets of healthy donors in their osmotie fragility. 


MATERIALS AND METHODS 


All glassware was siliconized before use. A solution composed of 1 per cent Na, Seques 
trene (EDTA, ethylenediaminetetraacetic acid) and 1 per cent Triton WR-i339 (oxyethylated 
tertiary octyl-phenol-formaldehyde polymer) was prepared in 0.7 per cent sodium chlorid 
solution. One milliliter of this solution was transferred into the syringe by means of which 
9 ml. blood was subsequently withdrawn. Care was taken to keep the ratio of anticoagulant 
to blood exactly 1:9. 


Preparation of the Platelet Suspension.—The blood was centrifuged immediately after 
its withdrawal in a 50 ml. round bottomed tube for 7 minutes at 800 r.p.m. (150 g) in ar 
International refrigerated centrifuge with a horizontal head (model PR 2), at a temperatur 
of 5° C. The supernatant plasma containing the thrombocytes was then recentrifuged for 
10 minutes at 2,000 r.p.m. (800 g); 0.45 ml. of cold normal saline was added to the platelet 
sediment and the tube was gently shaken. Under these conditions every 1 ¢.mm, containe 
about 2.5 x 106 platelets. No buffer was added to the saline and the pH was 6.5 to 7.0 
When more blood was used, 0.05 ml. of saline for each 1 ml. of the blood was added to th 
platelet sediment. All operations were carried out at a temperature of 5° C. The tube wa 
then put into a refrigerator for 15 minutes and was shaken every 5 minutes until a homogenou 
concentrate of platelets was obtained. 

From the Department of Clinical Microbiology, Hadassah University Hospital, and th 
Hebrew University-Hadassah Medical School, Jerusalem, Israel. 
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The Osmotic Fragility Test.—Standard saline solutions at concentrations of O.85, 0.44, 


0.34, 0.30, 0.24, and O.1 per cent and thrice distilled water were used in all the experiments, 


To each saline solution 0.05 ml. of the platelet suspension was added by means of ¢ 


a 
siliconized pipette. The tubes were then shaken gently by hand to insure a homogenous dis- 


tribution of the platelets and were left at room temperature, about 25° C., for 2 hours. The 


tubes were again shaken gently and 1 drop was transferred to a slide with a siliconized 


pipette and covered with a cover glass. The preparation was examined immediately under a 


phase contrast microscope at a magnification of 500 (dry power); the percentage of platelets 


with a swordlike process and of platelet ghosts was estimated in every saline solution. 


Two types of platelet ghosts appeared in all hypotonic NaCl solutions: 


(1) an empty, 
bright, very much enlarged envelope of 


the platelet: containing some granules and (2 


-) a 
swollen rounded platelet of grayish appearance. No distinction in counting was made be 


tween these 2 types, and in 0.1 per cent NaCl solution both together constituted 100 per cent 
of the platelets. The pyrophosphatase released ly the platelets in 0.1 per cent NaCl was 
arbitrarily taken to be 100 per cent, 


Estimation of Pyrophosphatase’.— After the phase contrast examination of the platelet 


suspensions in the different hypotonic saline solutions, the tubes were centrifuged at 


3,500 
r.p.m. (2,2 


00 g) for 10 minutes and the supernatants were removed, The supernatant liquid 
1 ml. Veronal buffer (0.2M), pH 7.2, 
and 0.5 ml. sodium pyrophosphate (0.005M).) The mix- 
tures, about 3.5 ml. each, were then incubated for 4 


from each tube was added to a solution consisting of 
1 ml. magnesium chloride (0.1M 


hours in a 87.5° C. water bath. The 


10 per cent trichloracetic acid to each tube. 
The tubes were again centrifuged at 8,500 rp.m. (2,250 g 


reaction was stopped by the addition of 2 ml, of 


for 10 minutes and the super- 


natants were examined for phosphate by the method of Fiske and Subbarow4 using a Klett 


photocolorimeter and a 660 my filter. The results were expressed as percentage of the read 
ing obtained with the 0.1 per cent NaCl solution. The latter 


was taken as standard for 
L100 per cent ps rophosphatase activity. 


The reading in thrice distilled water was always 
higher than the reading at O.1 per cent NaCl 


because of the complete disruption of the 
platelet ghosts in H,O. 


The methods used were as follows:  thrombocyte count, method of Brecher and 
Cronkite®; clotting time, method of Lee and White, modified® ; 
Duke®; capillary fragility, method of Hess*; clot retraction, 


prothrombin consumption, method described by Dacie.6s 


bleeding time, method of 
method of Macfarlane®6; and 


EXPERIMENTAL AND RESULTS 


Normal Values.—Fifty platelet samples obtained from individuals between 


15 and 60 vears of age, known to be suffering from no hematologic affection, 
were examined, 


The number of male and female donors was about equal. In 
0.85 per cent NaCl the platelets were fairly uniform in size and no ghosts or 
platelets with swordlike processes were encountered. 


At a concentration of 0.44 per cent NaCl the first platelets with swordlike 
processes were observed amounting to about 5 per cent of the total platelet 
number (range 0 to 13 per cent with a mean of 4.75 per cent). In this solution 
the first ghosts also appeared, about 4+ per cent (range 1 to 11 per cent with a 
mean of 3.6 per cent). The pyrophosphatase released by the platelets (ex- 
pressed as percentage of the amount found in the 0.1 per cent NaCl solution) 
was 1.5 per cent (range from 0 to 3.6 per cent with a mean of 1.5 per cent). 

In the 0.34 per cent NaCl solution, the number of platelets with a sword- 
like preeess increased to about 69 per cent of the total number of platelets 


(range 34 to 90 per cent with a mean of 68.8 per cent). The number of ghosts 
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also increased in this solution to about 13 per cent of all the platelets (range 
4 to 30 per cent with a mean of 13 per cent). The pereentage of pyrophospha- 
tase released was 7.5 (range 2 to 14 per cent with a mean of 7.5 per cent). 
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Fig. 1.—Mean values for platelets with swordlike processes, platelet ghosts, and pyrophos- 
phatase activity. 
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Fig. 2.—Normal range of variations of the swordlike platelets, platelet 
phosphatase in each NaCl solution. 


ghosts, and pyro- 

In the 0.30 per cent NaCl solution there was a further inerease both in the 
platelets with a swordlike process and the ghosts which amounted to 80 pei 
cent of the total platelets (range 51 to 95 per cent with a mean of 80.4 pe 
cent) and 19 per cent (range 4+ to 36 per cent with a mean of 19.1 per cent) 
respectively. The pyrophosphatase activity in this solution was 11.6 per cent 
(range 2 to 14.7 per cent with a mean of 11.6 per cent). 

At a concentration of 0.24 per cent NaCl the number of platelets with : 
swordlike process markedly decreased, constituting only 50 per cent of thi 
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total platelets (range 40 to 65 per cent with a mean of 50.1 per cent). The 
number of ghosts in this solution, however, increased further to about one-half 
the number of the total platelets (range 35 to 60 per cent with a mean of 49.85 
per cent). The percentage of pyrophosphatase was 25 (range 15.8 to 36.3 per 
cent with a mean of 23.1 per cent). 
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Fig. 3.—Results of the osmotic fragility test of thrombocytes in a case of chronic idiopathic 
thrombocytopenic purpura. 
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Fig. 4.—Results of the osmotic fragility test of thrombocytes in a case of thrombopathy. 


At a NaCl solution of 0.1 per cent, practically no more platelets with sword- 
like processes were to be seen (range 0 to 6 per cent with a mean of 0.75 per 
cent). The number of ghosts increased further, approaching 100 per cent, so 
that nearly all the platelets at this solution had turned to ghosts (range 94 to 
100 per cent with a mean of 99.3 per cent). Pyrophosphatase activity at this 
concentration was arbitrarily taken as 100 per cent. 
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Kach point in Fig. 1 represents the percentage of platelets with swordlike 
processes, platelet ghosts, and pyrophosphatase activity in the different hypo- 
tonic saline solutions. The mean values obtained from all platelet samples were 
plotted against the NaCl concentration. 

The caleulation of the normal range in Fig. 2 is based on the assumption 
that the mean (X) values for every solution + 2S.D. constitute the average 
range of these values for a normal population. 

In Table | the values x + 2S8.D. are ealeulated for the platelets with sword- 
like processes. Table IL gives these values for platelet ghosts and Table ILL for 
pyrophosphatase activity. 

TABLE I. MEAN VALUES OF PLATELETS WITH SwWoRDLIKE PROCESSES AND NORMAI 

RANGE OF VARIATIONS OF THESE VALUES 


NaCl 
CONCENTRATION O.S5% O.44% O.34% O30% 0.24% 0.10% 0 
x 0) 4.75 68.8 SO.4 50.1 0.7 0 
5 2 28>. 0 0-12.8 37.3-100 61.2-100 39-61.2 0-4.5 0 


TABLE II. MEAN VALUES OF PLATELET GHOSTS AND NORMAL RANGE OF 
VARIATIONS OF THESE VALUES 


NaCl 
CONCENTRATION O.S5S% O.44G% O.34% O.30% 0.24% O.10%G% 0 
x 0.18 3.6 13 19.1 19.85 99.3 () 
x + 28S.D. 0-1.2 0-8.6 3,3-22.7 2.2-36 39.3-60.3 96.6-100 100 


TABLE LIL. MEAN VALUES OF PYROPHOSPHATASE ACTIVITY 


EXPRESSED IN PERCENTAGE OF THI 
READING AT 0.1 PER CENT NaCl AND NORMAL RANGE OF 


VARIATIONS OF THESE VALUES 


NaCl 
CONCENTRATION 0.85% 0.44% 0.34% O.30% 0.24% 0.10% 0 
x 0) 15 1.5 11.6 23.1 100 217 
= = SSD. 0 0-4.7 1.4-13.6 $.7-18.5 8.3-37.9 L100 


Pathologic Values.—The following is a brief account of the results of the 


osmotic fragility test on thromboeytes from eases of hemorrhagie disorders which 
have been examined up to now. 

Twelve patients suffering from chronie idiopathic thromboeytopenie pur 
pura have been examined. In all patients an inerease in the osmotic fragility 
of the platelets was observed. The platelets with a swordlike process started to 
appear at a NaCl concentration of 0.6 per cent (normal O44 per cent); thi 
platelet ghosts also appeared at lower NaCl concentrations; and the pyrophos 
phatase values were increased. Five patients showed a very marked deviation 
from the physiologic values of the osmotie fragility test of thromboeytes, nearl 
20 per cent of their cells carrying a swordlike process at a NaCl concentration 
ot 0.44 per cent (normal 5 per cent); 20 per cent of their cells were ghosts at 
this same solution (normal 0). The values for pyrophosphatase activity in thes: 
patients were also markedly increased. In other patients there was only : 
slight increase in the osmotic fragility of their platelets. 

Fig. 3 illustrates the results of the osmotie fragility test of thromboeytes 
in a patient with chronic idiopathic thrombocytopenic purpura. 
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Nine patients suffering from thrombopathy have been examined. Two pa- 
tients were members of the same family. 


All of these patients suffered from a 
hemorrhagie diathesis since childhood. 


They had a normal thrombocyte count, 
normal clotting time, and a bleeding time over 25 minutes. All of them had an 
increased capillary fragility. Six of the patients had a very poor clot retraction 
(less than 25 per cent). Seven patients had an abnormal prothrombin consump- 
tion test; their prothrombin consumption indexes were between 50 and 85 per 


cent. In 2 patients the prothrombin consumption test gave normal results 


(O to 40 per cent). 

All the patients suffering from thrombopathy showed a decreased osmotic 
fragility of their platelets. In some eases the first platelets with swordlike 
processes started to appear only at 0.30 per cent NaCl (normal 0.44 per cent 
NaCl). There was also a marked reduction in the percentage of platelet ghosts. 
The relative values for the pyrophosphatase activity were very low at all NaCl 
concentrations. 

In order to investigate the hereditary character of the disease all the avail- 
able family members of the patients have been examined. None of the healthy 
parents or siblings showed any abnormal findings; all of the healthy family 
members showed a normal osmotic fragility test. 

Fig. + shows the results of the osmotie fragility test of the thromboeytes in 
a patient with thrombopathy. 


DISCUSSION 


Earlier attempts to study the osmotie fragility of human platelets have 
heen undertaken*'’ but as only indirect methods were used the results differed 
from one investigator to the other according to the method employed. The os- 
motie fragility of platelets of some animal species has also been investigated.* 1"! 
In the present study the osmotie fragility of human blood platelets in normal 
individuals has been estimated. The examination of the morphologic appear- 
ance of the thromboeytes in hypotonie saline solutions and the estimation of the 
pyrophosphatase released from the platelets into these solutions were found to 
serve as reliable methods for this purpose. Other enzyme systems have been 
investigated during these studies, but none was found to be practical for a test. 
The estimations of dehydrogenase, acid and alkaline phosphatases, besides being 
less sensitive, necessitated larger amounts of platelets and were found imprae- 
tical. The estimation of serotonin? was also found to be unsuitable for a routine 
technique. 

Values given for the platelets with swordlike processes, platelet ghosts, and 
\vrophosphatase activity are representative for a normal population. All values 
alling outside the range of x + 2.8.D. were considered to be abnormal. There 

re 2 types of abnormal curves, one in cases of thrombocytopenias exhibiting 
ncreased osmotie fragility of thromboeytes deviates to the right, whereas the 
ther, found in eases of thrombopathy accompanied by decreased osmotie fra- 
ility of thromboeytes, shows a deviation to the left. In the cases of patients 


iffering from thrombocytopenia the percentage of platelets with swordlike 
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processes as well as the number of platelet ghosts were increased in the 0.44 per 
cent NaCl solution and the highest pereentage of platelets with a swordlike 
process was found in the 0.34 per cent NaCl solution instead of the 0.30 per 
cent NaCl solution. The relative values obtained for pyrophosphatase were also 
markedly increased. 

In cases of thrombopathy practically no platelets with swordlike processes 
were encountered at 0.44 per cent NaCl. The highest concentration of this 
kind of cell was reached only at 0.24 per cent NaCl. The pereentage of platelet 
ghosts was also very much redueed in all hypotonic solutions as well as the 
relative values for pyrophosphatase activity. The decreased osmotic fragility 
of thromboyetes encountered in eases of thrombopathy may suggest some struc- 
tural differences in the platelets themselves. This causes the platelets to be 
more resistant to disintegration, which in turn might be responsible for the 
increased bleeding tendeney in the patients suffering from this disorder. 


SUMMARY 


The osmotie fragility of human blood platelets from healthy donors has 
been studied on the basis of the morphologie changes which the platelets undergo 
in hypotonie sodium chloride solutions and the release of pyrophosphatase. 
Values for the osmotic fragility of thromboeytes from normal individuals are 
given. The osmotic fragility test applied to thromboeytes from patients suffer- 
ing from idiopathic thrombocytopenic purpura showed an inereased fragility. 
Thromboeytes obtained from patients with thrombopathy showed decreased os- 
motie fragility. 
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RADIOSODIUM CONTAMINATION OF A STANDARD PREPARATION 
OF REACTOR PRODUCED RADIOPOTASSIUM 
Its NATURE, AMOUNT, AND SIGNIFICANCE IN. BIloLocic WorRK 


FraNcIS P. Mutpowney, M.D., ANTONINA W. Marezynska, M.D., J. JACQUES 
Haxne, M.D., aNd FRANCIS D. Moore, M.D. 
Boston, Mass. 


In experiments contrasting the specific activity of potassium in blood and 
urine after injection of W42, it was observed by chance that there was a sceming 
disequilibrium between the two. Careful study by chemical methods and by pulse 
height analysis showed that this seeming disequilibrium was an artefact caused 
by the presence of trace amounts of sodium in the radioactive potassium. This 
trace contamination is of considerable significance in biologic work because of the 
tendency of cells to separate sodium from potassium. In tracer experiments on 
cell permeability or metabolism, crrors of interpretation as great as 30 per cent 
would arise from this trace contamination. Methods for its detection and freeing 


the material from the contaminant are discussed. 


HE ESTIMATION of exchangeable potassium (K,) is usually derived from 

the mean specific activity (counts per minute per milliequivalent) obtained 
in multiple samples of urine collected 20 to 24 hours after administration of 
radiopotassium (K**).1. Some evidence exists’? that variation in specifie ae- 
tivity between successive spot urine samples is greater than ean be accounted 
for by the sum of the known method errors involved. A further investigation 
was therefore instituted in order to examine the possible errors of the K, 
method, with particular reference to a comparison of specific activity in multiple 
specimens of both urine and plasma. It beeame apparent in these studies that 
a systematic difference was present between urine and plasma, and this dis- 
crepancy has now been shown to result from the presence of radiosodium (Na**) 
in the K* used. The purpose of this communication is to examine the effect 
of this contamination and the possible errors produced in biologie studies, and 
to indieate the means of minimizing or avoiding them. 


METHODS 
The K42 used in these studies was obtained from Brookhaven National Laboratories as 
otassium chloride solution, irradiated as potassium carbonate. This target material is 
lentified as ‘95 per cent pure,’’ with a radio concentration of 1.0 we per milliliter and a 
pecifie activity of 200 we per gram. Other activity than K42? is regarded as negligible. 
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A dose of 500 to 800 pe was administered intravenously on 10 occasions in 3 normal 
female dogs. Twenty to 24 hours later, the animal being unanesthetized and in the fasting 
state, the bladder was catheterized and emptied, and an indwelling catheter left in’ situ. 
Simultaneous samples of venous blood and urine were then collected at approximately 1 hour 
intervals for 4 to 8 hours, 

The radioactivity in each sample of urine and plasma was determined in a well-type 
scintillation (gamma) counter with a statistical error in counting of less than + 1 per cent. 
In a number of experiments, the samples were counted both in the gamma counter and in 
the thick-walled version of the liquid sample beta counter.s Using radio potassium of 
known purity there is no systematic difference in measured activity as between serum and 
urine. 

Potassium concentration was determined in a Baird flame photometer (lithium internal 
standard). Repeated measurements of potassium concentration in urine and serum with this 
instrument in this laboratory agree within + 1 per cent. The combined reproducibility of 


flame photometry and counting under these circumstances are in the vicinity of + 2 per cent. 
RESULTS 
The results obtained in one experiment are illustrated in Table I, a. A 


similar pattern of results was obtained in each of 10 experiments, comprising a 
total of 73 pairs of simultaneously obtained urine and plasma samples. In the 


TABLE I 
TIME AFTER K42 pOSE SPECIFIC ACTIVITIES 
(HR. ) URINE PLASMA COUNTER 
a Untreated samples 24 341 375 Gamma counter 
25 336 370 
26 BHD | 371 
27 35 367 
28 329 3909 
29 336 366 
Mean 338 368 
Coefficient of variation +2.00% +1.35% 
bh Untreated samples 24 223 224 seta counter 
95 999 9099 
26 229 229 
Mean 227 225 
Coefficient of variation +1.24% +1.319% 
¢ Cobaltinitrite treated 2() 93.5 97 Gamma counter 
samples 21 95.0 94.5 


experiment illustrated, the specifie activity of successive spot urine sample 
agreed within + 2 per cent (coefficient of variation) and that of sucecessiv: 
plasma samples agreed within + 1.35 per cent of the mean. These limits « 
variation correspond to the sum of the errors of the methods of counting an 
flame photometry. 

It is however, apparent that a systematic difference is present between t] 
specifie activity of urine and that of simultaneously obtained plasma, the val 
for plasma being consistently higher than that for urine by 8 to 20 per ee 
throughout the series of experiments. 

This discrepancy was significantly greater than the sum of the errors « 
known method, and was present systematically in each simultaneously obtain: 
pair of urine and plasma samples. 
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A study of the rate of decay of the original K* solution in the gamma 
counter showed no deviation from the known half-life of 12.4 hours. However, 
studies of decay obtained on plasma and urine samples taken after a large 
intravenous dose of K® revealed a significantly slower rate of decay in the 
plasma (but not in the urine), the activity after 48 hours being 7 per cent 
higher than the theoretic figure. 

The results obtained when the urine and plasma samples were counted 
in the liquid sample beta counter are illustrated in Table I, b. The specific 
activity in urine and plasma was now similar. 

A further comparison of specific activity of plasma and urine, in which the 
gamma counter was used, was made after precipitation of potassium from 
solution with sodium cobaltinitrite.! The potassium precipitate was redissolved 
and specific activity was determined. The results are illustrated in Table I, ¢ 
The difference in specifie activity between urine and plasma was completely 
eliminated by this procedure, irrespective of whether the beta 


or gamma 
counter was used. 


It appeared, therefore, that the urine-plasma diserepaney might be due 
to the presence of a contaminating gamma emitting isotope, present predom- 
inantly in the plasma. 

A pulse-height analysis was carried out in order to confirm this hypothesis 
and to determine the nature of the contaminant. Gamma ray spectroscopy 
using a + by 4 inch sodium iodide erystal and a 256 channel recorder was 
performed.* Fig. 1 illustrates the results obtained. In the energy range 
represented in the figure, the plasma showed two peaks of maximal activity 
at 1.37 and 1.53 mev., corresponding exactly to the peaks obtained individually 
with purified solutions of Na®* and K*, respectively. In addition, activity 
was detected at 2.76 mey. both in untreated plasma and in the original K* 
solution; this energy range is characteristic of Na**. By contrast, the redissolved 
precipitatet from the cobaltinitrite treated plasma and the untreated urine 
hoth showed only a single peak of activity at 1.53 mey. 


DISCUSSION 


The magnitude of the contamination of the K*? with Na** was ecaleulated 
from (1) the relative deeay rates of plasma and standard solution, (2) the 
relative activities obtained at the energy range 2.76 mev. from the K* and 
a Na** solution of equal activity (that is, 1 pe), and (3) the difference in 
plasma specific activity before and after treatment with cobaltinitrite. Each 
of the three estimates agreed closely with the others which indicates that 0.09 
per cent of the K* solution activity was due to Na**. This figure is based on 
‘ounts done about 72 hours after removal of the target from the reactor. 
(‘ounts done at 25 hours show approximately 0.06 per cent of activity is due 


‘to radiosodium, <A later count, for example, a week later, would of course 





*Made available through the courtesy of Professor Robley D. Evans of the Massachusetts 
nstitute of Technology. We are grateful to Dr. K. Shivanandan for carrying out this portion 
f the investigation. 

+The potassium cobaltinitrite precipitate is washed in water and redissolved in dilute 
itric acid. In preparations containing potassium and sodium with radioactivity present only 
n the sodium moiety as Na™, this redissolved precipitate is free of radioactivity. 
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vield a much higher fractional contamination because of the difference in 
decay rates of the two isotopes. Taking into consideration the relative ex- 
citation cross sections of sodium and potassium (4) this corresponds to the 
presence of 0.012 per cent Na* in the target K°’, an amount of impurity which 
is commonly present in analytic grade potassium. Beeause of the biologie 
constitution of plasma, where the concentrations of sodium and potassium are 
145 mEq. per liter and 4 mEq. per liter, respectively, the percentage activity 
eaused by Na** in plasma is increased 36 times. Because of the relative 

eas . = ‘ > — Sais 59 

sensitivity of the seintillation counter for Na** and K* ( ) the percentage 


of total counts obtained from Na** becomes 20 per cent. 
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Fig. 1.—Each point on a curve represents the mean of the counts obtained in four successi\ 
channels. 

Activity of Na** in the original K* solution, although of very small mag 

nitude, was clearly detectable in the energy range 2.76 mev. The main facto! 

however, which called attention to the contamination was the biologie proces 

by which the sodium: potassium ratio in plasma is maintained at 36:1, i 

contrast to the ratio of from 1:1 to 4:1 in urine. 
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It appears, therefore, that estimations of K, are subject to an error of ap- 
proximately 20 per cent if untreated plasma samples are counted in a seintilla- 
tion counter. If urine rather than plasma samples are used, the error caused by 
radiosodium contamination becomes about 0.5 per cent (when the sodium and 
potassium concentrations in the urine are equal). If a liquid Geiger counter 
be used, this error (in urine samples) may be reduced to as low as 0.1 per cent 
with the thick-walled, and to about 0.3 per cent with the thin-walled variety. 
With any type of counting equipment, this error is essentially eliminated 
if chemical separation of potassium in the sample of urine or plasma is 
performed prior to counting. There are other sourees of error in the measure- 
ment of the K, caused by sampling, injecting, svringing, and other handling 
intrinsic to an isotope dilution technique in man, These figures refer to the 
error caused by the radiocontaminant. 

Chemical separation of radio potassium in serum has been customary in 
this laboratory by means of cobaltinitrite precipitation for some years past, 
because our measurements of K, have been performed as part of a multiple 
isotope dilution technique.® Data from such studies are not biased by the 
radiocontaminant. 

Our initial finding, whieh initiated this investigation (that the untreated 
specific activities of plasma and urine were seemingly not in equilibrium) 
raised the possibility that there was some previously unreported ‘‘ isotope 
effect’’ which accounts for disequilibrium of K**? in the body pool. The 
studies reported here indicate that this effeet was entirely due to radiocon- 
tamination and not to any bizarre lack of isotopie equilibrium. 

It may be noted that on no occasion was the variation in specifie activity 
between successive samples of urine greater than the sum of the counting and 
flame photometry method errors. Our data do not, therefore, support the 
concept of the existence of biologie variation in specific activity? under these 
experimental circumstances. 

Attention is ealled to the fact that most biologie systems exhibit a fine 
discrimination between sodium and potassium, and, therefore, that this small 
fractional contamination of radiopotassium with radiosodium is of unusual 
significance in biologie work. Experiments on cell or membrane permeability, 
sodium-potassium exchange, cellular exclusion of sodium, and related matters 
will suffer a considerable svstematie error if this detail of radioisotope con- 
tamination is overlooked. 


SUMMARY 


The K*® solution obtained from Brookhaven National Laboratories is 
shown to be contaminated with Na** to the extent of 0.06 to 0.09 per cent. 
This may result in an error of 20 per cent in the estimation of plasma potassium 
specifie aetivity, because of the high sodium: potassium ratio in plasma and 
the greater sensitivity of the scintillation counter for Na**. The error may 
he avoided either by counting untreated urine samples in a beta counter, 


x by chemical separation of the potassium from sodium prior to counting. 
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The addition of earrier sodium to the target material after irradiation, and 
the complete separation of potassium by cobaltinitrite precipitation would be 
an alternative method of purification, 
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HISTOPLASMIN SENSITIVITY IN ISRAEL 
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Sensitivity tests to histoplasmin in nonendemic arcas are of 


great interest 
to the epide midlogist and to the clinician 


for the understanding of pulmonary 
Jindings of undefined cause. Tsolated cases of histoplasmosis have been re por tid 
from Meditcerrancan countrics, but no case of histoplasmosis has yet boon detected 


in Isracl whose population originates from almost all continents. 


No positive skin reaction to histoplasmin was found in 136 persons originat- 
ing from European and Western countrics and 163 individuals from Asio-African 
countries, Two hundred and thirty four of 260 of this scrics tested simultane 
ously for tuberculin sensitivity revealed positive re actions. Twelve of 30 tested 
for trichophytin sensitivity had positive 
there 


reactions, These results indicate that 


is no cross sensitivity. between histoplasmin, tuberculin, and trichophyt ne 


ULMONARY calcifications in patients with negative tuberculin and positive 

histoplasmin skin tests have necessitated the revision of the elinieal and 
epidemiologic concept of histoplasmosis and the interpretation of the pulmonary 
findings as a specifie manifestation of histoplasmosis.*: * 7%! Sporadie out- 
breaks of small epidemics of histoplasmosis have been reported." *'° The 
clinical picture was that of a rapidly self-healing pneumonitis with positive 
skin sensitivity to histoplasmin.  Hlistoplasmin sensitivity tests in hitherto 
nonendemie areas outside the United States of America have shown that histo- 
plasmosis might be far more widely prevalent than clinieal awareness or the 
actual recovery of the parasite from patients, animals, and soil would indi- 
Cate.' 3 4. 8) 14, 15 

Reactivity to histoplasmin is apparently completely specific. The testing 
of large groups of people in various parts of the world initiated by the World 
Health Organization will eventually result in a complete world map of histo- 
plasmin sensitivity. Such sensitivity, deteeted in areas where no actual eases 
if histoplasmosis have been found, is of great importance for the interpretation 
‘! pulmonary findings of undetermined cause. 

The population of Israel consists of persons born in the country and of 
ersons who have immigrated from almost all continents. Although isolated 
uses of histoplasmosis or histoplasmin sensitivity have been reported from 
‘urkey, Italy, Spain, Portugal, North Afriean countries, and Egypt, no ease 
! histoplasmosis in Israel has vet been detected. The distribution of ethnie 
roups in the hospital corresponds fairly well with the distribution in the 
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general population; therefore, a survey on histoplasmin sensitivity in hospitalized 
patients ean be assumed to give a reasonably accurate estimate of the incidence 
of histoplasmin reactors among the general population. 

The present report is based on tests carried out in 299 patients hospitalized 
in the departments of chest diseases, internal medicine, and dermatology, and 
outpatients visiting these departments. The patients (according to their origin) 
came from European and Western countries (136) and from Asian or African 
countries (163). 


Histoplasmin.—Histoplasmin produced by Eli Lilly & Company designated lot CTS-5 
or histoplasmin lot H-42 prepared by the Public Health Service of the United States was 
used.12. The commercial vaccine was diluted to 1:100 and 1:1,000 with saline containing 
0.5 per cent phenol; the preparations were used as quickly as possible. (The stock vaccine 
was kept in the refrigerator.) The vaecine from the U. S. Public Health Service was used 
in its original 1:100 dilution. The control consisted of normal saline solution containing 
0.5 per cent of phenol. Intracutaneous injections of 0.1 ml. were made on the inner aspects 
of the arm or forearm. The syringes and needles were used exclusively for histoplasmin 
testing. Most of the patients were tested for tuberculin sensitivity and some for trichophytin 
sensitivity. The results were read after 48 hours according to the criteria used by the 
World Health Organization. 


RESULTS 

Three hundred and nineteen patients were tested. Most patients were 
in the age group of 20 to 60 vears, the youngest was 3 years of age and the 
oldest was 74 years of age. A summary of some clinical data is presented 
in Table I. Of 262 patients tested simultaneously for tuberculin sensitivity 
234 had positive reactions. Of 51 patients tested for trichophytin sensitivity 
19 had positive reactions. No positive reaction to histoplasmin occurred in 
any of the patients. 


TABLE [. DISEASES AND ORIGIN OF 319 PATIENTS 


NON- NON- 
TUBERCULOUS | INFECTIOUS 
TUBERCULOSIS LUNG INTERNAL SKIN 
ORIGIN OF LUNGS DISEASES DISEASES DISEASES TOTAL 
African and Asian 
countries 32 94 1 29 176 
European and West- 
ern countries 40 60 18 25 143 
Total 72 154 39 54 


319 

These results indicate that there is no cross sensitivity between histoplasmi 
and tubereulin or trichophytin and suggest the specificity of the histoplasmi 
test. 

SUMMARY 

No histoplasmin skin sensitivity was found among 319 patients examined 
in various departments of the Hadassah University Hospital. No cross sensi 
tivity between histoplasmin or tuberculin or trichohytin was found, 


Thanks are due to Eli Lilly & Company and to Drs. Palmer and Edwards of the U. 8 
Public Health Service for the generous supply of histoplasmin. 
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INACTIVATION OF HAGEMAN FACTOR BY DITSOPROPYL- 
FLUOROPHOSPHATE (DEP) 


EuMER L. Becker, Pu.D, M.D. 
WASHINGTON, D.C. 

Previous studics have suggested that Hageman factor is a_ proteolytic 
enzyme. To test this hypothesis, the ability of diisopropylfluorophosphate, a 
highly specific inhibitor of enzymes with esterase prope rties, to inactivate Hage 
man factor was investigated. Iaqeman factor was demonstrated to be inhibited 


by di isopropyl fluorophosphate " Ep. 


AGEMAN factor’ is ‘*. .. a clot promoting factor present in normal barium 

sulfate adsorbed heated plasma,’’ which is absent in the plasma of in- 
dividuals with the so-called Hageman trait. Hageman factor has been shown 
to be the agent responsible for the activating effeet of glass on clotting** and 
it has been proposed® as the agent responsible for the production of pain pro- 
ducing substance® (plasma kinin). Hageman faetor is believed to be activated 
by glass, after which it reacts with a second substance present in normal plasma 
to vield a clot promoting substanee.*:* The finding that activated Hageman 
factor could be inhibited by soybean trypsin inhibitor suggested the possibility 
that Hageman factor is a proteolytic enzyme similar in its properties to trypsin. 
As a critical test of this hypothesis the ability of diisopropylfluorophosphate 


(DEP)* to inactivate Hageman faetor was investigated. 


MATERIALS AND METHODS 

Crude Hageman factor was prepared from freshly drawn Ba SO, adsorbed, heated 
human plasma by precipitation between 30 to 40 per cent saturation with (NH,). SO, and 
two dialyses against phosphate buffer, pH 5.5, as deseribed by Ratnoff and Rosenblum.4 

The Hageman factor was assayed by its ability to decrease the clotting time of normal 
human plasma recalcified in silicone coated test tubes.4 

When preparations of Hageman obtained in the above manner were incubated at 37° © 
activity was found to have increased to a maximum after 1 hour, In all experiments 
therefore, the Hageman factor preparation was incubated at 37° for 1 hour before use. 

A 0,01M stock solution of DFP in triethanol amine buffered saline (pH 7.3) was mad 
just before the test, and appropriate dilutions were made from this. 

Dialyses were performed in Visking easings at 4° 

Hageman factor was added to varying concentrations of DFP. One tenth millilit: 
samples were removed and assayed for activity immediately after the addition of DFP an 


after 3 hours incubation at 37°. At the end of this time the mixtures were placed i 


Cellophane sacs and dialyzed overnight against 0.15M NaCl. They were then tested agai 
for Hageman factor activity. 

From the Walter Reed Army Institute of Research, Washington, D. C. 

teceived for publication Oct. 21, 1959. 

*Obtained from the Army Chemical Corp. Laboratories, Edgewood, Md., through tl 
kindness of Dr. Bernard Jandorf. 
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RESULTS 


Table L demonstrates that ineubation with 1 ~ 10°M DEP inactivated 
Hageman factor activity almost completely and even at 5 « 10°M DIP, some 
inactivation was evident. As would be expeeted, the higher concentrations of 


DEP showed a direct inhibiting effeet on clotting as seen in the results obtained 
at zero time. Nevertheless, the inaetivation of Hageman factor activity by 
DEP was still manifest after dialysis to remove DEP. 


TABLE I. INHIBITION OF TTAGEMAN Factor BY DFP 


DEP CONCENTRATION (1 x 10M) NO HAGEMAN 
10 5 1 0.5 0 FACTOR 

Clotting time immediately 

after addition of DFP 

(minutes ) 17% 13% 1] 11 11 25 
Clotting time after 3 hour 

incubation at 37 26 25 26 23 11%, 26 
Clotting time after 18 hour 

dialysis at 4 27 23 22 201% 13% 28 


Three tenths milliliter of Hageman factor + DFP + triethanol amine buffered saline 
(pH 7.3) to make 1 ml. One tenth milliliter samples were removed at indicated times and 
added to 0.2 ml. of citrated plasma and 0.1 ml. 0.05M CaCls in silicone coated tubes. In the 
tube with no Hageman factor 0.3 ml. of buffered saline was added. 


Through the generosity of Dr. Osear Ratnoff a sample of Hageman deficient 
plasma from a patient with Hageman trait was obtained. Repetition of these 
experiments in which the ability of DFP treated erude Hageman factor to reduce 
the clotting time of Hageman deficient plasma is used gave essentially the same 
results.* The preparation of untreated Hageman factor reduced the clotting 
time of the Hageman deficient plasma from greater than two hours to 7% 
minutes. Treatment of the preparation of Hageman factor with 5 x 10°M DFP 
vielded a preparation which gave a clotting time of 16 minutes. 

A preparation of crude Hageman factor was also prepared from plasma 
obtained from eitrated blood whieh had been allowed to stand 40 days at 4°. 
The method of preparation was the same as that used with fresh plasma and 
\ fraction was obtained which had high activity in reducing the clotting time 
if normal reealeified plasma. Nevertheless, DEP had very much less inactivating 
m this preparation than on preparations made from fresh plasma. 

DISCUSSION 

DFP has been shown to be a highly specifie inhibitor of enzymes with 
sterase properties.” This not only includes acetylcholine esterases but also 
roteases with esterase properties such as trypsin and chymotrypsin. Thus 
ie finding that DFP inhibits Ilageman factor activity at concentration levels 
laracteristic of its inhibition of these latter enzymes suggests very strongly 
at Hageman factor is an esterase. Taken in conjunction with its reported 
hibition by soybean trypsin inhibitor? the results with DFP provide powerful 
pport for the hypothesis that Hageman factor is a proteolytic enzyme. This, 


*The results of the DFP inhibition were described to Dr. Oscar Ratnoff who later informed 
he was able to confirm them with the use of highly purified Hageman factor, 
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if fully substantiated by later work, would mean the involvement in the clotting 
process of at least 2 different enzymes of the same general type, Hageman 
factor and prothrombin. 


SUMMARY 


Hageman factor activity has been shown to be inhibited by diisopropyl- 
fluorophosphate (DFP). It is suggested that Hageman factor is an esterase 
similar in nature to trypsin, thrombin, ete. 


I wish to thank Dr. Oscar Ratnoff for his generosity in providing me with plasma from 
a Hageman deficient patient, and for his kindness in informing me of the results of un 
published work. 
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FAILURE OF PASSIVE TRANSFER OF DELAYED 
HYPERSENSITIVITY IN THE NEWBORN 
HUMAN INFANT 


WARREN J. WARWICK, M.D.,* Rospert A. Goop, Pu.D., M.D.,** AND 
RicHarD T. SmirH, M.D.*** 
MINNEAPOLIS, MINN., AND GAINESVILLE, FLA. 


At birth, and for a variable period thereafter, the newborn human has a 
limited capacity to produce circulating antibody in response to injected antigens. 
Maturation of the immune response coincides with the development of plasma 


cells and secondary follicles in the stimulated lymph nodes. 


The capacity to express delayed hupersensitivity is also absent at, and 
shortly after, birth. Clinical and experimental observations are limited to 
infants unintentionally infected with tubercle bacilli by their mothers and to 
infants given Bacillus Calmette-Guérin (B.C.G.) vaccination. In these infants, 
delayed hypersensitivity can occasionally be demonstrated as carly as 21 days of 


age and uniformly by 4 to 6 weeks of age. 


It is well known that the unresponsive neonate can accept and utilize 
passively transferred antibody, but only Schlange’s study suggestcd that the 
neonate could manifest delayed hypersensitivity to tubereulin after exchange 
transfusion. Our studies with a varie ty of passive transfer techniques, indicate 
that newborn infants, 1.5 hours to 1 month of age, are unable to acce pt the 


passive transfer of delayed hypersensitivity. 


These observations indicate that newborn infants are defective in their 
capacity either to express delayed allergy, or to accept passively transferred 
delayed type hypersensitivity. This deficiency suggests that the recipient of 
so-called passively transferred hypersensitivity may participate actively in the 
development of the delayed allergy. In addition, the observation may have 
important bearing on understanding of the basis for deficient resistance to 


infection which characterizes the neonate. 


HE LIMITATIONS of the newborn infant with respect to the capacity to 
express an active immune response have been the subjeet of much recent 
ivestigation, which has produced some apparently conflicting data. Most avail- 
ble evidence supports the conelusion that at birth, and for a variable period 
iereafter, the newborn has a limited capacity to produce circulating antibody 
response to injected antigens.’* The morphologic expressions of the mature 
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immune response, plasma cell produetion and secondary follicle formation in 
the stimulated lymph nodes, are not deteeted during this period of life, but they 
appear later in direct relationship to the capacity to produce antibody.’ In the 
rabbit and chick a similar neonatal immunologie unresponsiveness has been 
defined.°* 

The studies of newborn rabbits by Sterzl and Tlolub® suggest that the im- 
mature rabbit can support antibody production if a deficiency in the inductive 
phase of the immune response ean be overcome. In contrast, the observations 
of Dixon and Weigle® * suggest that the unresponsiveness in the newborn rabbit 
lies in the productive phase of the immune response as a result of an internal 
environment inadequate to support antibody production. On the other hand, 
some recent evidence! '' suggests that the newborn human and rabbit do have 
the capacity to produce antibodies to certain antigens, but that this response 
differs qualitatively from the mature response and is not associated with the 
appearance of plasma cells. 

In contrast to the number of studies of the induction of the humoral anti 
hody response in the neonatal period, few data are available to indicate the 
status of the newborn human with respect to the capacity to actively develop 
delayed allergy. Clinical observations on infants infected with tuberele bacilli 
early in the neonatal period, and observations from those countries which vae- 
cinate with B.C.G. at birth, are that delayed allergy to tuberculin ean rarely be 
elicited before 3 weeks of age. Furthermore, Waksman and Matoltsy'? were 
unable to passively transfer tuberculin delayed reactivity to newborn guinea 
pigs. In contrast to this, Schlange’® has reported the passive transfer of 
delayed allergy to newborn infants by exchange transfusion with blood from 
tubereulin-positive donors. 

These conflicting data and the unsolved question of whether the transfer of 
delayed allergy in man is a passive process'! or whether active participation’ 
by the recipient plays an important role, led us to investigate this problem 
Accordingly, advantage was taken of the various ¢linical needs of newborn 
infants to receive transfused blood elements in order to determine their eapacits 
to express delayed hypersensitivity after receipt of living leukocytes from know) 
sensitive donors. Contrary to the data of Schlange, no evidence of passive trans 
fer of delayed hypersensitivity to the newborn infants was observed. 


MATERIAL AND METHODS 


Procedure for Obtaining Leukocyte Suspensions —Four hundred to 500 ml. of bloo 
was drawn from the antecubital vein of sensitive donors through a 15 gauge needle an 
polyethylene tubing into a silicone coated vacuum bottle (Baxter) or a plastie donor ba 
(Fenwal) which contained heparin (5 mg. per 100 ml. blood) as an anticoagulant. The flu 
phase of the blood was then adjusted to a concentration of 1.2 per cent dextran wit 
commercial 4.7 per cent dextran (Baxter). The red blood cells were allowed to sedime: 
in this mixture for 50 minutes at room temperature, after which the supernatant, whi: 
contained white cells in suspension, was withdrawn with sterile 50 ml. siliconized volumet: 
pipettes or plasma transfer sets (Baxter) and transferred to 250 ml. siliconized centrifug 
tubes. The suspension was centrifuged at 500 to 1,000 r.p.m. for 20 minutes, after whi 


the supernatant was poured off and the leukocytes which had collected were resuspend 
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by gentle agitation in 5 to 10 ml. of Hanks buffered saline solution. At this time in 
one or two of the experiments, the cells were again centrifuged, the supernatant was 
poured off, and the cells were again resuspended. It was observed that the apparent 
viability of the cells was reduced by this manipulation, and the cells were not washed 
except in the earliest experiments. Immediately after resuspension of the cells and while 
their number and viability were being evaluated from a small aliquot, the cell suspension 
was injected subeutaneously and/or intramuscularly into the buttocks or shoulder region 
of the newborn or immunologically mature recipients. The number of cells was evaluated by 
standard counting procedure, using red blood cell pipettes, and the viability of the cells 
was estimated by their capacity to resist staining with trypan blue.16 Sterile siliconized 
glassware and commercially obtained plastic bags were used throughout these experiments, 
and all procedures were carried out as rapidly as possible in an effort to maintain viability 
of the white cells being transferred. 


Exchange Transfusion Procedures.—The standard umbilical vein technique used in 
exchange transfusion of erythroblastotic babies was used throughout. Five hundred ml. 
of blood from a donor with a known hypersensitivity response was drawn as before from 
the antecubital vein into a siliconized bottle which contained heparin (5 mg. per 100 ml. 
blood). The blood was typed and cross matched. Total white cell counts and viability 
studies were done at the beginning and termination of the transfusion. The evaluation 
was made in this manner to eliminate error caused by the death of cells or their packing 
in the bottle during the transfusion. The total number of viable leukocytes was then 
estimated from the volume of the exchange transfusion and an average of the total number 
of cells and percentage viability in the initial and terminal evaluations. 


Transfer of Viable Peripheral Leukocytes Plus Transfer of Viable Bone Marrow Cells. 
Preparation of leukocytes and their transfer were achieved as in the first method described. 
In addition, bone marrow was aspirated from the donor's sternum and multiple sites on 
the iliac crests. Between 23 and 50 ml. of bone marrow was aspirated in the individual 
cases. Viability estimates and total leukocyte counts were performed and the whole bone 
marrow was injected intramuscularly and subcutaneously into each of 6 to 8 
th 


sites in the 
ighs, buttocks, and arms of the reciplents, 

Skin Testing.—Each of the donors was skin tested prior to or immediately after cells 
were obtained for transfer. The recipient infants were skin tested between 24 and 120 hours 
after transfer and, in some instances, at weekly intervals for several weeks. The newborn 
babies were not tested prior to transfer. The immunologically mature control children 
and adult recipients were tested once prior to the transfer of cells and one or more times 
after transfer, 

All skin tests were carried out as follows: 0.1 ml. of skin test antigen was injected 
intradermally on a smooth skin surface, usually on the forearm or medial aspect of the 
thigh. The injections were performed between 24 and 120 hours after transfer of cells. 
Antigens used were old tuberculin 1:1000, histoplasmin 1:100 (Lilly), 10 units SK and 
2.5 units SD,* mumps commercial skin test antigen (Lederle), Schick test control (delayed 
allergy elements of diphtheria bacillus), Candida albicans (1:100), and Trichophyton 
1:30) antigen.t The skin tests were evaluated 24, 48, and 72 hours after injection of 


ntigen, 


Simultaneous Transfer of Delayed Allergy to Newborn and Immunologically Mature 
Individuals.—In these experiments, aliquots of donor cells, obtained as deseribed, were 
jected intramuscularly into the newborn and immunologically mature recipients at the 
ame time, and skin testing was carried out at the same intervals thereafter. The infants 
ceived a larger number of cells per unit of weight than did the mature recipients, since 


/attempt was made to adjust the number to body size. 





*Varidase, streptokinase-streptodornase, Lederle Laboratories, Pearl River, N. Y. 
+Both prepared by Hollister-Stier Laboratories, Los Angeles, Calif 
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RESULTS 

In Table | are summarized the results of attempts to passively transfer 
delaved type hypersensitivity from highly sensitized donors with leukocytes 
separated from the peripheral blood and injected subcutaneously and = intra- 
muscularly into newborn infants. Even though the donors were highly sensitive 
and large numbers of viable cells were obtained for transfer in each instance, 
no evidence of successful passive transfer of sensitivity to tuberculin, strepto- 
coecal products, mumps antigen, or diphtheria toxoid was obtained in the new- 
born infants studied. When comparable numbers of leukocytes, obtained from 
similarly sensitive donors, were transferred to nonsensitive but immunologically 
mature recipients, transfer of delayed allergy was regularly achieved. In 
additional studies carried out during the same period, attempts to passively 
transfer delaved allergy with peripheral blood leukoeytes from donors who had 
a high degree of sensitivity to immunologically normal, nonsensitive recipients 
have regularly been suceessful. In 14 of 17 such attempts, we have been able to 
transfer delayed allergy to one or another of the following allergens: 2,4 dinitro- 
fluorobenzene, tubereulin, streptococeal antigens, mumps antigen, Asearis antigen, 
Candida or Trichophyton, and eat scratch antigen. Thus, using this technique, 
newborn infants appear to be refractory to the passive transfer of delayed allergy 
with leukoevtes from the peripheral blood. 

Tables Il and ILL contain the results of our attempts to transfer delayed 
allergy to infants with erythroblastosis fetalis by use of the exchange transfusion 
method. Each intant ineluded in Table Il was given an exchange transfusion 
for erythroblastosis fetalis. Five hundred to 600 ml. of blood was exehanged 
via the umbilical vein by standard technique similar to that emploved by 
Schlange.’’ In none of the recipient infants was delayed allergy demonstrated, 
even though each donor had a high degree of delayed allergy to one or more of 
the antigens studied at the time the exchange was carried out. Similarly, those 
infants included in Table III were given exchange transfusions for erythro- 
hlastosis fetalis. In addition, leukocytes separated from an additional 100 to 
“00 ml. of fresh blood from the same donor were injected subcutaneously or 
ntramuseularly. Again, none of these infants accepted the transfer of delayed 

ergy. 

In Table IV are summarized three experiments in which transfer of delayed 
llergy to human newborns was attempted, using not only large numbers of 
eripheral leukoeytes but also an appreciable number of cells obtained from 
ther single or multiple bone marrow aspirations. ‘ No evidence of transfer was 
tained, 

Finally, three critieal transfer studies are summarized in Table V. In each 

these experiments, peripheral leukoeytes were obtained from highly sensitized 
mors. The viable leukoeytes suspended in saline solution were divided into 
iquots which were injected subcutaneously into a newborn infant and into a 
msensitive, immunologically mature recipient. The results were clear-cut. 


ic cells transferred to the newborn infant failed to induee the development of 
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delayed allergy in these recipients, whereas the leukoeytes from the same donor, 
prepared in exactly the same fashion, induced delayed allergy in the nonsensitive, 
immunologically mature reeipients in each instance. 
DISCUSSION 

These results establish, in contradistinetion to the implications of Schlange’s 
studies, that the newborn infant is a poor recipient of the passive transfer of 
delayed allergy as compared to the older child or adult. The failure of response 
of the newborn infant could reside at any of several levels of reaction. For 
example, it is possible that the newborn infant sustains passive transfer of 
delaved allergy, but that this is not readily revealed because of the relative 
resistance of the newborn infant to expression of inflammation in response to 
noxious stimuli. Eitzman and Smith’® have shown that the nonspecific inflamma- 
tory response in the neonatal period is characterized by an inflammatory 
eosinophilia and a relative decrease in the mononuclear components, and, there- 
fore, is qualitatively different from that of mature children. Although conflicting 
data are reported, some decrease in the phagoeytie capacity and ameboid move- 
ment of neonatal leukoeytes has been shown.’ '® The nonspecific failure of the 
neonatal skin to reaet to noxious stimuli, regardless of its mechanism, is, however, 
well established.?° 

Metaxas and Metaxas-Biihler™’ coneluded that, since no latent period is 
required after passive transfer, the allergic reaction of the recipient must be in 
part or entirely a function of the transferred cells. If this conclusion is valid, 
our observation would indicate that the newborn infant is defective in marshal 
ling the cellular and vaseular elements which express delaved allergy. If, on 
the other hand, as Lawrenee’s studies't in man appear to indieate, the reeipient 
plays an active vole in the establishment and persistence of transferred delayed 
allergy, these observations may represent the disclosure of another aspect of 
the immaturity of the immune response of the newborn infant. Although thes 
experiments support neither alternative, they demonstrate a deficieney in the 
newborn infant with respect to the ability to aecept passively transferred delayed 
hypersensitivity. This deficiency may have important implications in terms o! 
capacity of the newborn infant to defend himself against infection and various 
noxious substances, and it should be studied further. 


SUMMARY 

1. Attempts to transfer delayed allergy to newborn infants by injeeting 
cells from donors of known sensitivity have been uniformly unsuecessful. 

2. In separate and in simultaneous experiments, similar methods hav: 
regularly resulted in passive transfer of delayed allergy to immunologieal|: 
mature children and adults. 

5. The implications of these observations are discussed. 


The assistance of Dr. Richard Wright, Mrs. Billievelyn Miller, and Mrs. Barbara Hund 
is gratefully acknowledged. 
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LABORATORY METHODS 


INFRARED ANALYSIS OF CARBON TETRACHLORIDE AND 
ETHANOL IN BLOOD 
R. D. Stewart, M.D..* T. R. TorkKeEtson, M.S., C. L. Hake, Pu.D., ann 
D. S. ERLEy, M.S. 
MIDLAND, MICH. 


This work was undertaken to determine the applicability of infrared 
spectroscopy to the quantitative analysis of carbon tetrachloride and/or ethanol 
in blood. A method for the extraction of chemicals from blood, and _ their 
subsequent quantitative analysis by an infrared technique, is described. Carbon 
tetrachloride-C!4 was used to determine the efficiency of extraction of this 
chemical from the blood. It was found to be quantitative, within experimental 
error. When the highly water soluble ethanol was added to blood, only 5 per 
cent of the added amount was extracted. A correction factor was therefore 
used to calculate ethanol blood levels. Groups of 45 rabbits were exposed to 
carbon tetrachloride vapors, to ethanol via intubation, or to both chemicals 
simultaneously. Blood levels of carbon tetrachloride and ethanol were de- 
termined simultaneously by the method described. Blood levels of carbon tet 
rachloride were significantly higher, as were serum glutamic osalacetic trans- 


aminase values, when the rabbits received both ethanol and carbon tetrachloride. 


— the question of acute or chronie poisoning from organic 
compounds arises, the physician immediately desires to know if a po 
tentially toxic compound is actually circulating in the blood stream and what 
its concentration may be. In the field of toxicologic research there is als: 
great need for rapid, simple methods for qualitative and quantitative analysis 
of organie compounds in tissues or biologie fluids of animals. Such methods 
can be used to correlate specific blood concentrations of toxie materials wit! 
tissue damage and physiologic effect. As an aid to environmental healt 
studies, control of the workers’ environment can also be accomplished on t! 
basis of direct measurement of the compound in the blood or urine, as w: 
as by monitoring it in the air. In a preliminary article! a simple, rapid 
method which may be used for this type of analysis was outlined. TT) 
present report gives a more detailed description of this method, and demo 
strates its application to a specifie toxicologie problem. 
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Research Laboratory, The Dow Chemical Company, Midland, Mich. 
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lor the purpose of illustration and for the reasons outlined below, it was 
elected to measure the levels of carbon tetrachloride and ethanol in blood 
after separate and simultaneous exposure. (1) Carbon tetrachloride is almost 
insoluble in blood, whereas ethanol is readily soluble, therefore the simul- 
taneous quantitative analysis of these two compounds illustrates the wide 
appleability of the method. (2) In addition, it was deemed desirable to ob- 
serve what influence a high blood level of ethanol had upon the concentra- 
tion of carbon tetrachloride in the blood of an animal exposed to carbon 
tetrachloride vapor. (5) Finally, it was desirable to correlate the results, if 
possible, with tissue damage as indicated by serum glutamic oxalacetic 
transaminase (SGOT) measurements. 


MATERIALS AND METHODS 
Method of Extraction and Analysis.—Five milliliters of oxalated blood is pipetted into 


a bacteriologic culture tube with an aluminum-lined screw cap. Ten milliliters of carbon 


lisulfide (spectroscopic grade), or other suitable extracting solvent, is added and the 
tube is gently rocked through a 90 degree angle in an automatic rocker (or by hand 
for 5 minutes. The rocking must be sufticiently gentle so that no stable emulsion is 
formed. The solvent laver (7 ml. can usually be recovered) is withdrawn by pipette 


and transferred to a standard infrared sample cell. A matching cell is filled with pure 
solvent and placed in the reference beam of the spectrometer to compensate for solvent 
absorptions. The speetrum is scanned in those regions where specific absorption bands 
of the chemieal being determined are located. 

The infrared cells used in this study had 16 mm. Teflon spacers, with small poly- 
ethvlene spacers placed between the Teflon and the rock salt windows to prevent leakage 
Although an improved optical null infrared spectrometer? was used in these experiments, 


nost standard infrared spectrometers would probably give satisfactory results. 


Since the strength of a specific absorption band for a given chemical is a simple 
function of the concentration of that chemical in the reference solvent, the concentration 


if the chemical is determined by comparison to known standards measured under identical 
diluting a weighed amount of the chemical to a 
nown volume with the reference solvent. In order to relate 


onditions. Standards are prepared by 


the results from the in- 
frared determination of a chemical in a solvent to the actual blood concentration, it is 
ecessary to use a factor in the caleulation. This factor is dependent upon the ratio of 
the volume of extracting solvent to the volume of blood extracted. In the studies re- 
orted, because the volume of earbon disulfide used was twice that of the blood, this 
factor was two. Therefore, the value for the blood concentration of the chemieal, ex- 
ressed as weight per unit volume, was obtained by multiplving the value found in the 


xtracting solvent by two. 


Efficiency of Extraction—The efficiency of this method for the extraction of carbon 
trachloride and ethanol from blood was determined by adding a measured amount of each 
blood and extracting as described above. No difficulty in obtaining a homogeneous mixture 
as eneountered in adding a readily soluble compound such as ethanol to blood, but carbon 
trachloride, being almost insoluble, presented a formidable problem. It was found that 
was impossible, even at these low concentrations, to add a weighed amount of carbon 
trachloride to blood and obtain an even distribution of this chemical throughout the sample. 
erefore, C14-labeled earbon tetrachloride was used for the preparation of the blood standard. 

A weighed portion of carbon tetrachloride-Cl4, with a specifie activity of 2.82 « 104 
PM per milligram, was introduced below the surface of a 100 ml. sample of blood by 
‘ans of 10 yl syringe. The vessel was stoppered and shaken gently. Approximately 6 
of blood was removed by pipette to a test tube. Five milliliters of this sample was 
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used for determination of carbon tetrachloride by the infrared technique and 0.1 ml. was 
used for Cl4 assay. The 0.1 ml. aliquot was shaken violently with Thixcin-toluene-scintillator 
gel to obtain uniform dispersion for counting. The 5 ml. aliquot was extraeted with carbon 
disulfide, and two 0.1 ml. aliquots of the earbon disulfide solution were removed and added 
to vials containing toluene-scintillator solution for counting. The procedure was repeated 
on separate blood samples at two concentrations, and all analyses reported are the average 
of duplicate measurements at each step. Counting was carried out with a Tri-Carb* liquid 
scintillation spectrometer. Internal standard was added to each sample to determine the 
counting efficiency. The results, reported in parts per million, were caleulated on the basis 


of the specific activity of the carbon tetrachloride-C! 4, 


Chemical Ker posure of Rabbits. The rabbits used in these experiments were healthy, 
young adults selected from the stock colony. Their diet and housing have been previously 
deseribed. The « Xposures to carbon tetrachloride were carried out in a 160° L., cubieal, 


glass-walled chamber, also described previously.4 The concentration of carbon tetrachloride 


in the chamber atmosphere was analyzed by direet combustion and was also monitored by a 
recording analyzer. The earbon tetrachloride concentrations were within + 10 per cent of 
the stated levels. Ethanol, 95 per cent, was administered intragastrically by means of a 
rubber catheter. All blood samples were obtained by cardiae puncture. The serum glutamic 
oxalacetic transaminase (SGOT) levels were determined by the Frankel method of Sigma 
Chemical Company. 

The rabbits were divided into 5 groups and were treated as follows: 

Two groups of 5 rabbits each, groups A and B, were exposed to carbon tetrachloridé 
vapor, 5,000 ppm, for 4 hours. The rabbits in group B were fed 3 ml. per kilogram ot 
ethanol immediately prior to the vapor exposure. Blood samples were taken for carbon 
tetrachloride and ethanol analysis lle, 4, 4%, and 6144 hours after the onset of the vapor 
exposure, 

Two groups of 6 rabbits each, groups C and D, were exposed to carbon tetrachloride 
vapor, 2,500 ppm, for 4 hours. The rabbits in group D were fed 3 ml. per kilogram of 
ethanol 144 hours after the onset of the vapor exposure. Blood samples were taken for 
earbon tetrachloride, ethanol, and SGOT analysis 1%, 4, 44%, and Sts hours after the onset 
of the vapor exposure. 

Group E, comprised of 5 rabbits, served as ethanol controls for groups B and D. A 
blood sample for SGOT determination was obtained and 3 ml. per kilogram of ethane 
was then administered. Blood samples for ethanol and SGOT analysis were taken 2%. and 
7% hours after ethanol administration. 

RESULTS 

An infrared spectrum of carbon disulfide, the solvent used for extraction 
in these studies, is shown in Fig. 1, 4. When a matching 16 mm. cell fille: 
with earbon disulfide was placed in the reference beam of the speetromete! 
the common absorptions eaneeled and the base line shown in Fig. 1, B was 
obtained. In regions of high solvent absorption (e.g., 6 to 7.4 p) the per 
servo becomes “dead” and a downward drift is observed in the differentia 
spectrum. Any earbon disulfide soluble organie compound having absorptio! 
bands in regions where carbon disulfide transmits some of the incident radi 
ation may be identified both qualitatively and quantitatively. The spect: 
of carbon tetrachloride and ethanol in carbon disulfide are shown in Fig 
2, .1 and B, respectively. The strong absorption of carbon tetrachloride at 
12.8 » made it possible to detect concentrations as low as 1 ppm. in earbor 


*Packard Instrument Company, LaGrange, Til 
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disulfide solution. Ethanol has a relatively weaker absorption at 9.55 jp so 
that the lower limit of sensitivity to this compound in earbon disulfide was 
roughly LO ppm. 

Table | presents the data of the extraction of carbon tetrachloride and 
thanol from the prepared blood standards. From the radiotracer data it is 
vident that all of the carbon tetrachloride present in the aliquot of blood 
vas effectively extracted by the carbon disulfide. The diserepaney between 
he weighed amount of carbon tetrachloride added to the blood standard and 
he amount actually present in the aliquot removed as measured by the radio- 
racer method illustrates the difficulty of obtaining an even distribution of 
arbon tetrachloride in blood. Although no attempt Was made to locate the 
emaining carbon tetrachloride, it was assumed to have evaporated or settled 
» the bottom of the flask. It was found necessary to remove aliquots for 
idiotracer analysis and solvent extraction almost simultaneously, and from 

relatively small volume of blood standard, in order to obtain close agree- 
ent between these two methods of analysis. The infrared analysis of the 
ood standards for ethanol shows that only 4.5 to 4.9 per cent of this com- 
und was extracted. In order to obtain the reported blood concentration 
ethanol in the rabbits from groups B,D, and E, the observed blood con- 
ntration was multiplied by a factor of 1/0.047. This low efficieney of ex- 
ction is related to the greater solubility of ethanol in blood than in carbon 
sulfide. It was assumed that all of the ethanol added to the blood standard 
is evenly distributed because of its high solubility in blood, and because of 
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Fig. 3 Blood concentrations of carbon tetrachloride and or ethanol in rabbits of Grout 
A. I ind Group A. Carbon tetrachloride, 5,000 ppm Group B, Carbon tetrachloride, 5,0! 
ppm, plus ethanol, 3 ml. per kilogram. Group EE, Ethanol, 3 mil. per Kilogram. 


the reprodueibility of extraction from several standards. The use of meth 
ene chloride as an extracting solvent improved the extraction efficiency cor 
siderably; however, this solvent absorbed radiation at 12.8 » and prevent 
the simultaneous analysis of carbon tetrachloride. 

Fig. 3 shows the average, together with the maximum and minimu 
concentrations of carbon tetrachloride and ethanol in the blood of rabbit 
from groups A, B, and E. It is interesting to note that the blood concentr 
tions of carbon tetrachloride were significantly higher in group 1B, the grou 
of rabbits given ethanol prior to the exposure. This elevation was on 
slightly significant after 114 hours of exposure (p=0.03) but after 4 hou 
Was quite significant (p=0.013). 

Fig. 4 shows similar values for blood coneentrations and the SGU 
levels of groups C, D, and E. During and immediately after the exposur: 
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the average blood concentrations of carbon tetrachloride in groups © and D 
were approximately one half those found for groups A and B, respectively, 
which indicates that carbon tetrachloride uptake was almost directly propor- 
tional to the vapor concentration at the two levels studied. In this experi- 
ment, group D (those rabbits reeciving ethanol) was found to have an only 
slightly higher average blood concentration of carbon tetrachloride at the 
conclusion of the exposure than had group C (those rabbits receiving no 
ethanol). A comparison of the average SGOT levels of these groups also 
indieates the combined effect of the two chemicals. Although the average 
levels were essentially the same at 114 hours, the average level for group D 


rose to over twice that of 


group © after 4 hours (p=0.008). However, this 
creat difference in levels was not maintained throughout the remainder of 
the experiment. After 8'4 hours the differences were of questionable sig- 
nificance (p=0.05). The results of the administration of ethanol to group FE 
show that this compound did not by itself cause a rise in the SGOT level. 


It is also evident that the eardiae punctures did not raise the SGOT levels, 
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Fig. 4.—SGOT levels and blood concentrations of carbon tetrachloride and/or ethanol 
rabbits of Groups C, D, and E. Group C, Carbon tetrachloride, 2,500 ppm. Group D, 
rbon tetrachloride, 2,500 ppm, plus ethanol, 3 ml, per kilogram Group BE, Ethanol, 3 mi. 

I kilogram. 
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4eyt) 
and that though ethanol either directly or indirectly caused a rise in average 


carbon tetrachloride blood concentration, the exposure to carbon tetrachloride 


had no effect upon the average ethanol blood concentration. 


EXTRACTION OF CARBON TETRACHLORIDI ETHANOL FROM 


BLOOD STANDARDS 


TABLE I. CARBON DISULFIDI AND 


EXTRACTED FROM BLOOD 


FOUND IN BLOOD SAMPLE WITH CS, 


ADDED TO BLOOD SAMPLE BY TRACER | INFRARED METHOD TRACER METHOD 


CHEMICAL PPM METHOD (PPM PPM ) (PPM) 
CCl, 116 38 10 39 
116 31 29 27 
120 25 22 23 
120 26 30 28 
Ethanol 3,020 148 
144 
1,560 74 
7s 


DISCUSSION 


The infrared solvent extraction method presented offers a sensitive, rapid, 
and simple technique for the analysis of organic compounds in blood. Gen- 
erally, infrared has not been considered to have sensitivity in the parts per 
million range, except in certain specialized cases. Hlowever, to achieve sen- 
sitivity in this range, it is only necessary to use longer cells. This means 
more solvent absorption, but this can be compensated provided a small per 


The 


Longer cells 


cent of the total energy applied is transmitted in the region of interest. 
data presented were obtained with the use of a 16 mm. cell. 
would increase the sensitivity, but would require a larger sample, and, in 
addition, would give rise to more solvent absorption. Sensitivity may perhaps 
be more easily increased by extracting a larger volume of blood with the 
same ratio of solvent to blood, and subsequently concentrating the chemical! 
in the extractant by evaporation, or by successive extractions in cases where 
the compound is not very soluble in the extractant. 

Because each organic compound has a specific infrared absorption spec 
trum, the method presented generally enables definite identification of th: 
compound or compounds being determined. Because of the unusually strong 
solvent absorptions encountered when very thick cells are used, it may be neces 
sary to try several solvents before the entire sample spectrum is revealed. Carbo: 
disulfide is an excellent solvent for survey work because large portions of 1! 
spectrum have low absorption. The toxie and explosion hazards of this m: 
terial, though reduced when used with eare in a good hood, may outweig 
the superiority of its infrared transparency. Other solvents which have be 
useful in certain specific applications are methylene chloride, carbon tetr: 
chloride, and bromoform. The choice of solvent will largely be determin 
by its infrared transparency at wavelengths where the sample has stron 
absorption bands and at cell thicknesses giving the required sensitivity. E> 
traction efficiency, toxicity, economy, ete., are important but secondary facto 
in this choice. 
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Although the main purpose of this article is to present an analytic 
method, the data obtained from the illustrative experiment are of interest 
and deserve comment. It has been a well-aecepted clinical observation that 
the ingestion of alcohol at or near time of exposure to carbon tetrachloride 
ereatly predisposes the patient to the serious effects of the chemical, and 
there has been speculation as to the mechanism involved." * The rise of the 
SGOT in the rabbits receiving both ethanol and earbon tetrachloride to levels 
twice that of rabbits receiving only carbon tetrachloride suggests that the 
combination of ethanol and carbon tetrachloride is more rapidly injurious to 
the animal than is either chemical alone. Although the number of animals in 
each series was small, those rabbits which received the combination of e¢hemi- 
cals evidenced higher blood concentration of carbon tetrachloride than did 
those rabbits exposed only to carbon tetrachloride. It is not known if this 
effeet of ethanol upon the blood concentration of carbon tetrachloride is direct 
or if it is rather an indirect effeet, possibly mediated by serum lipid coneen- 
trations. 

In addition to the type of study described to illustrate this method for 
the determination of chemical levels in blood, this method should also be 
applicable to the determination of concentrations of medications and their 
metabolites in blood, urine and other biologie fluids and tissues. Many medi- 
cations are more soluble in organie solvents than in blood and water, and, 
therefore, ideally lend themselves to analysis by this method. Abnormal 
concentrations of metabolites may also be deteeted by this method. For ex- 
ample, analysis of acetone in blood! is easily accomplished by extraction with 
either carbon disulfide, carbon tetrachloride, or methylene chloride. It is felt 
that this method, though simple and rapid, has a wide range of appleability 
in almost all fields of biologie research. 


SUMMARY 


A simple, rapid method for the simultaneous identification and assay of 
organie chemicals in the blood has been demonstrated in the analysis of 
carbon tetrachloride and ethanol. The method was shown to be made quanti- 
tative for carbon tetrachloride by the use of C'-labeled material. 

A significant inerease in the level of carbon tetrachloride circulating in 
the blood was found when rabbits were exposed simultaneously to high doses 
of carbon tetrachloride and ethanol. An increase in the serum glutamic 
oXxalaecetic transaminase levels was also observed. 

This method appears applicable to the assay of chemicals, medications, 
ind metabolites in many biologie fluids and tissues, 

We wish to thank Dr. Norman Wright for suggesting this approach, B. H. Blake for 
taining most of the infrared spectra, and E. L. Garfield for performing the SGOT de 

‘rminations. 
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COLORIMETRIC METHOD FOR DETERMINATION OF 
ERYTHROCYTE GLUTATHIONE 
THomas D. SteveNsSON, M.D., BeERDENIA L. MCDONALD, B.S., AND 
SIDNEY Rostox, M.D. 


LOUISVILLE, Ky. 


1 colorimetric method for the determination§ of erythrocyte glutathione 


(GSH) is described. The method is hascd upon the reaction of an aromatic 


disulfide, bis( p-nitrophenyl) disulfide, with mercaptans with the release of the 
ucllow colored nitrobenzencthiol anion. The color which develops is stable. 

The glutathione stability test has beon performed utilizing this method and 
the results compare favorably with those obtained using the nitroprusside method 
of Grunert and Phillips.) The simplicity of the procedure and the stability of 
the color reaction make the method readily adaptable by the routine laboratory 
for the performance of the glutathione stability test. 


HE DEVELOPMENT of the glutathione stability test by Beutler’ has pro- 
‘Wana a method for the detection of individuals whose erythrocytes are sus- 
ceptible to hemolysis by certain drugs, e.g., primaquine. A positive glutathione 
stability test is characterized by a marked deerease in the redueed glutathione 
content of erythrocytes after the incubation of blood with acetyl phenylhydrazine, 
whereas in nonsensitive eryvthroeytes the glutathione content is but slightly de- 
creased or unchanged. The fundamental defect in sensitive erythroeytes is a 
genetically determined deficiency of the enzyme, glucose-6-phosphate dehydro- 
genase, and the alteration in glutathione content is an indirect measure of the 
enzyme abnormality.. | 

The nitroprusside method as modified by Grunert and Phillips* has been 
utilized in the glutathione stability test deseribed by Beutler. This method ts 
hased on the color which develops when SH groups react with nitroprusside but 
is not specific for mereaptans. The method is somewhat time consuming, and 
the color which develops is unstable. Ellman* has described a method for the 
determination of low concentrations of SH groups based on the reaction of an 
aromatic disulfide | bis( p-nitrophenyl!) disulfide} with mereaptans with the re- 
lease of the vellow colored nitrobenzenethiol anion. The color of the nitroben- 
zenethiol anion is stable. We have adapted this method for the determination of 
erythrocyte glutathione in the glutathione stability test. The results obtained 
iv this method and a comparison by the nitroprusside method constitutes the 
present report. 
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MATERIAL AND METHODS 


1. Bis( p-nitrophenyl) disulfide (PNPD).* The PNPD should be reerystallized from 
glacial acetic acid, melting point 183 to 184° C. Glacial acetie acid was added to PNPD and 
the solution was boiled for 15 minutes. The solution was allowed to cool; the glacial 
awetic acid was decanted. The erystals of PNPD were placed on a watch glass, evaporated 
for 12 hours, and dried in an oven at 105° C. The PNPD reagent is prepared by dissolving 
50.8 mg. of PNPD in 100 ml. of acetone. The reagent is stable for 6 to 8 weeks when 
stored in plastie reagent bottles in the dark. 


Phosphate buffer, 0.15 M, pH 8.4, is used. 


4. Acetyl phenylhydrazine, 10 per cent solution in methyl aleohol, is used. 


PROCEDURE 


The blood specimens analyzed were colleeted in acid citrate dextrose solution B. Blood 
proteins were precipitated by the Folin-Wu method.5 Two milliliters of whole blood was 
pipetted slowly into a 50 ml. Erlenmeyer flask which contained 16 ml, of 1/12 normal sulfuric 
acid. After the addition of sulfuric acid, the specimen was allowed to stand for 10 minutes 


to assure complete hemolysis of the erythrocytes and then 2 ml. of 10 


per cent sodium 
tungstate was added with constant agitation to obtain 


a fine precipitate and the mixture 
was filtered through Whatman No. 1 filter paper. 


The stepwise procedure following the preparation of filtrate is: (1) 4 ml. of the filtrate 
Is pipetted into a 50 mil. Erlenmeyer flask; 2 1 ml. of the phosphate buffer, pH 8.4 is 
added to the filtrate: 3 } ml. of acetone is added: and } l mi. of the PNPD 


reagent 
is added. 


A deep yellow color develops promptly after the addition of the PNPD reagent. The 


specimens were read in a Coleman Junior speectrophotometer at a wavelength of 412 ma. 


\ reagent blank was prepared by substituting 4 ml. of distilled water for the filtrate 
in the procedure. The blank should be read promptly since PNPD is slowly hydrolyzed with 
the spontaneous development of color in the blank. 


A reference standard was prepared daily from an aqueous solution which contained 
0.4 mg. glutathione per milliliter. The glutathione standard was found to be stable for 
5 to 7 days when stored in the refrigerator. 


The effect of acetylphenylhydrazine on erythrocyte glutathione content was determined 
by incubating 2 ml. of whole blood with 10 mg. of acetylphenylhydrazine for 2 hours at 37° 


C. in a water bath. The tubes (200 by 25 mm.) which contained 10 mg. of dried acetyl 


phenylhydrazine were prepared as described by Beutler.1 Proteins were precipitated by the 
addition of sulfurie acid and sodium tungstate to the incubation tubes. 


In order to determine the accuracy of the method, the recovery of added glutathione 


was determined daily by adding glutathione to whole blood specimens after the addition of 
the sulfuric acid and prior to the addition of the sodium tungstate. The percentage of re 
covery ranged from 90 to 97 per cent and averaged 94 per cent for all determinations. 

The following precautions have been found necessary to produce 90+ per cent re 
covery of added glutathione and consistent results. 


¥ 


The results obtained on blood specimens with a hematocrit of less than 20 per cent 
are not reliable and the hematocrit should be adjusted to 20 per cent or preferably to 30 to 
10 per cent when the glutathione stability test is performed by this method. 

2. The pH of the filtrate after the addition of the buffer should be greater than 7.8 
in order to insure maximum color development, since p-nitrobenzenethiol is an acid with a 
pl of 5.1 and at a pH greater than 7.8 is 99 per cent ionized. The intensity of the color 
development is dependent upon the concentration of the nitrobenzenethiol anion. The pH of 
the buffer should be checked frequently to determine its stability. 


*Eastman Organic Chemicals T 1855. 





i 
' 
| 
: 

















se wy DETERMINATION OF ERYTHROCYTE GLUTATHIONE 159 
Number 


3. Glutathione undergoes auto-oxidation at the pll of the filtrate obtained utilizing 
the Folin-Wu method for precipitation of the plasma proteins. The rate of auto-oxidation 
is negligible for the first 90 minutes after preparation of the filtrate but more rapid there- 
after. Auto-oxidation is accelerated by heat and may be retarded by maintaining the 
temperature of the filtrate at 4° C. in ice water. 

The concentration of glutathione expressed as milligrams per 100 ml. of red cells was 


determined according to the following formula: 


O.D.u 
O.Ds * C Sta x d 
HcT 100 mg. GSH/100 ml. R.B.C, 
O.D.u optical density unknown, O.D.s optical density standard. © Sta con 
centration of standard. d dilution of filtrate (2.5 


RESULTS 
The results of the glutathione stability test performed in 58 Negro females, 
38 Negro males, 18 Caueasian females, and 21 Caucasian males are shown in 
Table I. The range of glutathione concentration and the percentage of sensitive 
individuals in the various racial groups are in essential agreement with the re- 


sults obtained by the nitroprusside method by various investigators. 


TABLE I. GLUTATHIONE CONTENT OF ERYTHROCYTES BY PNPD METHOD 


NO. OF RANGE % SENSITIVE 
RACE SEX PATIENTS | MG./100 ML.) AVERAGE < 20 MG./100 ML. 
Negro M 38 42-110 58 4.5 
Negro IK 58 17-86 63 8.1 
White M 2] 51-80 64 0 
White I 18 £4-90 69 0 


Table IL shows the results of the glutathione stability test on the same blood 
samples by the method deseribed here compared with the Grunert and Phillips 
method. 


TABLE II 


NITROPRUSSIDE PNPD 
PRE- POST PRE POST 
PATIENT | RACE SEX | INCUBATED | INCUBATED INCUBATED INCUBATED 

A. L. Negro M 63.5 ~ 58.8 61.2 60.5 
a. 2. Negro M 58.6 45.5 65.0 61.2 
H. M. Negro M 52.0 17.8 52.6 10.8 
G. K. Negro M 39.0 31.8 10.5 33.6 
J. M. Negro i 52.0 15.0 48.5 $3.5 
R. T. Negro oy 43.0 17.5 58.0 53:2 
a. ¥, Negro K 60.5 56.5 60.5 57.2 
B. R. Negro K 52.0 35.5 17.0 35.0 
Ss. P. Negro BK 53.8 34.2 51.0 37.6 
G. W. White M 63.2 63.2 63.0 53.0 
1. M. White M 66.0 51.2 57.9 54.8 
a. Bs White M 47.0 13.5 53.0 48.2 
J. K. White M 61.8 52.0 68.4 57.6 
J. B. White M 61.2 56.2 60.8 56.2 
lL. H. White ik 57.2 50.4 60.2 53.8 
Vv. BP. White F 62.0 64.4 63.0 55.2 
R. W. White if 40.2 40.2 48.5 45.5 
M. R. White iF 72.2 66.0 68.0 64.0 
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DISCUSSION 

The PNPD method has proved to be a rapid, reliable, and accurate method 
for determining the glutathione concentration of red cells and is applicable for 
use in the glutathione stability test. The determination of glutathione by bio- 
chemical means is difficult because of the tendeney of the glutathione to undergo 
auto-oxidation. Auto-oxidation is more apt to occur at the pH of filtrate pre- 
pared by the Folin-Wu method; however, repeated determinations have shown 
that this is not a significant factor if the filtrates are processed promptly after 
preparation. The glutathione content determined immediately at 30, 60, and 
90 minutes after preparation of the filtrates showed a variation of not greater 
than | mg. per cent, but auto-oxidation occurred if the filtrates were allowed to 
stand longer. It is not possible to store the filtrates for later determinations. 

Ergothioneine does not give a color reaction with nitroprusside but does 
with PNPD. Despite the faet that PNPD produces a color reaction with aqueous 
solutions of ergothioneine, it has not been possible to recover added ergothioneine 
from blood samples. The failure to recover added ergothioneine from blood 
samples and the close correlation with the nitroprusside method implies that red 
cell ergothioneine is not measured by the procedure as deseribed., 

The method is simple, reliable, and is readily adapted for use in the routine 
laboratory for the determination of the glutathione stability test. 


SUMMARY 


A colorimetrie method for the determination of low concentrations of SH 
groups, based on the reaction of mereaptans with an aromatic disulfide, has been 
adapted for use in the glutathione stability test. The method as modified for 
determination of erythrocyte glutathione and a comparison with the nitro 
prusside method are described. 
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ENZYMATIC ESTIMATION OF ERY TILROCY TIC 
GALACTOSE-1-PHOSPILATE 
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A modification is prese nted of an ¢ rythroc ytie assay u hich was publish d 
earlier’ and whieh has proved useful in the diagnosis of galactosemia. The modi 
fication permits estimation of the coneentration of galactose 1-phosphate in’ the 
erythrocytes of individuals with galactosemia. It has been previously recognized 
that the successful clinig al management of patie nts a ith dalactose mia de pe nds 
upon the exclusion of galactose from their dict. The concentration of erythrocyti« 
aalactose-1 phosphate is a sensitive indication of CL posure of such individuals 
to qalactose. The te chnigue of the GSSAY 18 deseribed and evidence is pPrese nted 


that the assay may be used to monitor the dearce of dictary control. 


pein with galactosemia usually develop jaundice, hepatic damage, growth 
failure, and cataracts if they are allowed to take the customary feedings of 
breast or cow's milk.’ In the early stages these complications are reversible 
and preventable if galactose containing foods, principally milk, are exeluded 
from the diet. Of current interest is the degree to which such dietary measure 
may also prevent the mental deficiency that often accompanies galactosemia. 
Strict maintenance of a galactose-free diet is made difficult by the clandestine 
eating habits of children and by the frequeney with which milk is an unmen- 
tioned ingredient of many modern foods. Opinions differ! as to whether or 
not some milk substitutes are sufficiently free of galactose to permit their 
use in galactosemia. A sensitive method for monitoring the adequacy of 
the diet is, therefore, needed, Urinary and blood ealactose levels are varia- 
ble and may be normal at the time of examination of the svmptomatie child. 
In the galaetosemie individual, erythroeytie galactose-1-phosphate* is eumu- 
lative, however, and tends to persist for many days or weeks after exten- 
sive ingestion of milk. Furthermore, there is evidence*":* that the toxicity 
if galactose in galactosemia is related to the intracellular Gal-1-P. Measure- 
nent of erythroeytie Gal-1-P therefore seems a more sensitive and appro- 
‘riate index of the extent to whieh the patient is under dietary control than 
loes the measurement of urinary or blood galactose. 

— the National Institutes of Health, National Institute of Arthritis and Metabolic 


liseases, Public Health Service, Department of Health, Education, and Welfare, Bethesda, Md 

Supported in part by a U. S. Public Health Service Postdoctoral Fellowship, National 
stitute of Arthritis and Metabolic Diseases. 

Received for publication Sept. 17, 1959 

*The following abbreviations are used Gal-1-P for a-p-galactose-1-phosphate, UDPG for 
idine diphosphoglucose, UDPGal for uridine diphosphogalactose, DPN for diphosphopyridine 
cleotide, DPNH for reduced diphosphopyridine nucleotide, and G-1-P for a-p-glucose-1- 
isphate. 
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Erythroeytie Gal-1-P can be estimated by a modification of the specific 

enzymatie assay used for the diagnosis of galactosemia and reported earlier 

in this JourNaL.. The earlier assay has as its purpose the detection of the 

enzyme Gal-1-P uridyl transferase in hemolyzates of human erythrocytes. 
The enzyme eatalvzes the reaction: 

Gal-1-P + UDPG = G-1-P + UDPGal (1 
and is inactive or absent in galaectosemie persons. The enzyme is detected in 
the earlier assay by incubating the suspected hemolyzate with Gal-1-P and 
UDPG. At the end of the ineubation the mixtures are deproteinized and 
the amount of UDPG which remains is determined by using as a reagent 
the enzyme UDPG dehydrogenase, which specifically oxidizes UDPG to UDP 
glucuronic acid in the presence of DPN: 


UDPG + 2 DPN > UDP-glucuronie acid + 2 DPNH. 2 


The amount of DPNIL formed, as measured by optical density (O.D.) at 
340 mp» wavelength of light, is proportional to the amount of UDPG which 
remains after incubation. 

The assay to be deseribed has as its purpose the measurement of the 
amount of Gal-l-P in galactosemie hemolyzate. The presence of Gal-1-P 
uridyl transferase is ensured by the addition of normal hemolyzate. Puri. 
fied Gal-1-P (Reaction 1) is omitted. The unknown becomes the amount 
of Gal-1-P intrinsie to the galactosemie hemolyzate. Sufficient normal he- 
molyzate and incubation time are used to bring Reaction (1) to equilibrium. 
The amount of UDPG consumed becomes a measure of the amount of Gal-1-P 
present. 


MATERIALS AND METHODS 


The equipment and the type, concentration, and method of preparation of reagents are 
the same as specified in the UDPG consumption test.8 The following procedural modifications 


are necessary for the estimation of Gal-1-P. 


Preparation of Blood Sample.—Both heparinized galactosemic and heparinized, fresh, 
normal blood are used. After preparation of the saline-washed, packed, erythrocytes in the 
manner previously described,’ the cells are hemolyzed by rapidly freezing and thawing 
times. This is done by placing the tubes of packed cells alternately in a beaker of aceton: 
with dry ice and in a beaker of water at room temperature. In contrast to the earlier assay, 
the packed cell galactosemic hemolyzate is not diluted with water and no attempt is made 
to remove stroma from either hemolyzate. The hemolyzates of normal and galactosemie blood 


are preincubated in a 37° C. bath for 5 and 10 minutes, respectively, before being used.* 


Incubation.—To each of three 12 ml. heavy-duty Pyrex centrifuge tubes is adde 
exactly 300 ul of the same Tris buffer-UDPG solution as is used in the previous assay.‘ 
It is recommended that the same 300 ul micropipette be used for all 3 tubes. To the first 
and second tube is added 100 ul of packed-cell, galactosemic hemolyzate. One hundred micro 


liters of water is added to the third tube. The packed cell, normal hemolyzate is mixed wit 


*Erythrocytes of normal persons are able to metabolize galactose, yet one of the enzyme 
necessary for the utilization of galactose, UDPGal-4-epimerase, has been found not to functior 
in hemolyzates unless DPN is added. This aberration® has been explained by the finding that 
supplementary DPN is unnecessary if nicotinamide is added during hemolysis. DPN is require: 
if nicotinamide is not added until sometime after hemolysis. A nicotinamide-inhibitable DPNas* 
apparently destroys intrinsic DPN upon hemolysis. Since the UDPGal-4-epimerase must b+ 
inactive for the estimation of Gal-1-P, hemo!vzates are preincubated at 37°C. in order t 
insure removal of DPN 
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ian equal volume of distilled water in order that it may be more easily pipetted and in order 
that the incubation mixture may be brought to the desired volume. Two hundred microliters 
of this diluted normal hemolyzate is added to all 3 tubes. The third tube should be prepared 
in duplicate if it has not been replicated in 


the course of assaying other samples of blood 
on the same day. The contents of each tube are gently stirred with the tip of a micropipette. 
The 3 tubes are incubated for 1 hour in a 37° C. water bath. 

Determination of UDPG.—The deproteinization of the incubation mixtures and_ the 
assay for residual UDPG are as described in the previous assay. To increase the accuracy 
of estimation of UDPG two readings are made at both 340 and 400 my on each of the 3 
cuvettes before the UDPG dehydrogenase is added as the last item in the cuvettes. The 
readings at 400 mya reveal changes in turbidity and nonspecific absorption. The same amount 
of UDPG dehydrogenase is delivered by micropipette into all cuvettes and the cuvettes are 
remixed by inverting, as described.8 Readings are taken at 340 mg promptly and at intervals 
of several minutes until the readings reach a definite maximum. Sufficient UDPG dehydro 
venase should be used to give a maximum within 30 minutes after the reaction is started. 
Readings are taken at 400 my occasionally and when the maximum is reached. The value 
O.D..0 O.D.,.) Obtained before the addition of UDPG dehydrogenase is subtracted from 
the maximum (O.D.3,) O.D.,.) Obtained thereafter in order to obtain a value which is 
designated AD,,. and which is proportional to the amount of UDPG in the cuvette. After 
reaching a maximum, the (O.D.,,, O.D 4) value often diminishes slowly. The AD,,, for 
the third cuvette is usually 0.30 to 0.36, 


Calculation of Gal-1-P.—The average AD,, for the first 2 cuvettes (duplicates) is 
subtracted from the AD,,, of the third cuvette (blank) to give a value which is desig 
nated AAD,,, and which is proportional to the amount of UDPGal or Gal-1-P in the first 
» tubes. The AAD,,. is multiplied by 115 to give the concentration of Gal-l1-P (free ester 
in milligrams per 100 ml. of the packed erythrocyte preparation from the galactosemic 
individual. With hematocrits above 90 per cent, correction for incomplete packing of the 
erythrocytes is beyond the accuracy of the method and is unnecessary. 

Hemolyzates, deproteinized extracts, and all reagents are kept at 0° C. when not being 
read in the spectrophotometer or incubated. Care is taken that droplets of water do not 


dilute the preparations as they are moved in and out of the water or ice baths. 


Verification of the Method.—One worker added measured increments of a Gal-1-P solu 
tion to 11 pairs of duplicate tubes which contained a small amount of galactosemic hemolyzate 
which was low in intrinsic Gal-1-P. Eaeh tube was given a code number and the concentration 
of Gal-1-P in each tube was determined by another worker in the manner described, except 
that each tube was not further duplicated. Tubes which resulted in more than one third 
consumption of the UDPG were reanalyzed, using one half or one fourth the usual amount 
of galactosemie hemolyzate and correcting the deficit in volume with distilled water. The 
Gal-1-P solution was standardized by hydrolyzing for 20 minutes at 100°C. in 0.02M HCl 
at concentrations of approximately 1 “M Gal-1-P per milliliter of diluted acid. Redueing 
substance was then determined by the method of Park and Johnson,!° using reerystallized 
galactose as a standard. The Gal-1-P concentration of the standard was then computed on 
the assumption that all reducing substance of the hydrolyzate represented a-D galactose-1- 
phosphate. Paper chromatography of the unhydrolyzed and hydrolyzed Gal-1-P preparation 
Was carried out using a system!! of ethyl acetate, pyridine, and water, with running times 


of 5 and 16 hours. The chromatograph was developed with silver nitrate.12 
RESULTS AND DISCUSSION 
Accuracy of the Method. Replicates of the third tube had ADs,4) values 
whieh agreed with one another within +0.01 O.D. units, or approximately 3 
to 5 per cent of the total. Under the conditions stated, up to 35 mg. Gal-1-P 
per 100 ml. (Fig. 1) can be measured, and average values have errors of 
1.7 mg. per 100 ml. or less. Paper chromatography of the hydrolyzed and 
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unhyvdrolvzed Gal-1-P standard revealed 10 to 20 per cent of the reducing sub- 
stance to be from substances other than Gal-1-P. | Although quantitative 
estimation of Cal-l-P values above 10 me. per 100 mil. is elinieally of less 
importance, the amount of galactosemic hemolyzate should be halved or 
quartered if accuracy in this range is desired. Equilibrium conditions are 
such as to lead to loss of linearity if more than one half of the UDPG is 
consumed. When the dietary history suggests that tae level of Gal-1-P may 
he low, this level can be determined with greater accuracy if the coneentra 
tion of UDPG in the ineubation mixture is decreased by one half and if 
twice as much deproteinized extract is added to the cuvettes. A) correspond. 
ing volume of water is then omitted from the euvettes in order to maintain 
the same total volume.* Accuracy is dependent upon careful micropipett 
ing technique, procuring deproteinized extraets which are relatively free ot 
particles, and using UDPG dehydrogenase solutions with minimum turbidity, 


i.e. less than 0.03 O.D. increase at 400 ma when added to the assay mixture. 

















40 T ae T T T 
- 
= 
S 32 + 
S 
oO 
= 
oO 24 al 
WwW 
> 
ex ° 
WwW 
= 6 “7 
°o 
a 
ye ; 
a 
© 
° N Nl N N 
8 16 24 32 40 
MICROGRAMS GAL-I-P PREPARATION ADDED 
PER 100 MICROLITERS HEMOLYZATE 
Fig. 1 Determination of Gal-1-P in galactosemic hemolyzate which contained added Gal-1-P 


As in the UDPG consumption test, the AD, can be further checked by 
use of UDPCal-4-epimerase."* Six additional unknowns determined in this 
manner, using UDPCal-4-epimerase purified from galactose adapted veast,"' 


gave results comparable to those shown in Fig. 1. 


Study of the Hemolyzates of Galactosemic Children.—The Gal-1-P was 
estimated (Table I) in the bloods of galactosemie children who were known 


by clinieal signs to have galactosemia and who received varying degrees ot 

*As determined from 17 assays utilizing 10041 of galactosemic hemolyzate and 300ul 
of deproteinized extract, the standard deviation of the method was 0.67 mg. per 100 ml A 
limit of accuracy for the method was arbitrarily taken as 2.5 times this value or 1.7 mg. pet 
100 ml. In our experience, this error is predominantly caused by +0.010 O.D. unit of varia- 
tion which occurs in the reading of the cuvettes independently of the dilutions used. Accord- 
ingly, the limits of accuracy are probably +3.4 and +0.8 mg. per 100 ml. for the modifications for 
the high and low range of Gal-1-P, respectively. 
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dietary control.* The status of all subjects listed in Table L had been con 
firmed by the UDPG consumption test. The results are essentially in agree 
ment with those of Schwarz and associates,” '° who found < 1, < 2, and 
% to over 20 mg. per 100 ml. for the ervthroeytie Gal-1-P of normal persons, 
valaetosemie children on a milk-free diet, and galactosemie children taking 
milk, respectively. Although the method by Sehwarz and co-workers ' of 
estimating Gal-1-P requires no special reagents and permits measurements 
in the low range, Le., less than 2 mg. Gal-1-P per 100 ml, measurement of 
(Gial-1-P by that method requires 2 to 3 days to complete and necessitates 
quantitating the amount of Gal-l-P) by visual estimation of the intensity of 
a chromatographic spot. The enzymatic estimation of Gal-1-P has the ad- 


vantage that it can be made within one afternoon and with the same reagents 


TABLE LL.) EryrHrocytTic GALACTOSE-1-PHOSPHATE CONCENTRATIONS IN VARIOUS PERSONS 
ERYTHROCYTIC GAL-1-P 
SUBJECTS (mMG./100 ML.” 
Galactosemic Subjects. 


As boy, 314 mo. old, on a milk-free diet except for 


receiving milk for 24 hours prior to test. 19.8 + 3.4 
A: 1 yr. later, on milk-free diet. 0.7 + 0.8 
B: hoy, 1] yr. old, on milk poor diet, 32 hr. after 40 

Gm. galactose. 6.5 + 1.7 
B: 2 wk. later, on milk-free diet. 20217 
C: girl, 16 mo. old, on milk-free diet. 1.1+0.8 
D: boy, 5 yr. old, on milk-free diet. 0.0 + 1.7 


Vongalactosemic Subjects. 


E: girl, 24% yr. old, mentally defective. 0.0 + 0.8 
F: Normal newborn girl, cord blood. 1.7 +0.8 
G: man, 31 yr. old, normal, 0.0 + 0.8 


*Plus or minus (+) limit of accuracy (2.5 & estimated standard deviation of the method) 
corresponding to dilution used 


and stock solutions that are used in the UDPG consumption test’ for the 


$v the enzymatic estimation, values of Gal-1-P 


diagnosis of galactosemia. — | 
below 2.8 mg. per 100 ml. cannot at the present time be considered signifi- 
cantly elevated for the galactosemie child. However, the ‘‘safe’’ level of 
erythroeytie Gal-1-P has not yet been determined, and the possibility must 
not be ignored that future studies may place this level below any presently 
‘xisting arbitrary value. 
SUMMARY 
The uridine diphosphoglucose (UDPG) consumption test, used in- the 
iagnosing of galactosemia, can be modified to permit an estimate of eryth- 
evtie galactose-l-phosphate and to detect certain errors in the diet of the 
idividual with galactosemia. 
We would like to express our appreciation to Dr. Herman M. Kalekar for his suggestions 
d encouragement in regard to this project, 


*Samples of galactosemic blood were made available through the kind cooperation of 
x V. L. O'Donnell, M. A. Lambdin, and J. B. Sidbury, Jr 
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